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Abstract: Using the methods of phylogenetic analysis proposed hy Hennig (1966), characters of the larvae 
of 13 species of Artedius, Clinocottus, Oligocottus are examined in terms of synapomorphic states. Number 
and pattern of preopercular spines, gut diverticula, body shape, and a bubble of skin at the nape are identified 
as synapomorphic characters useful in systematic analysis of this group. 

The synapomorphic character, multiple preopercular spines, provides strong evidence that Clinocottus 
acuticeps, C. analis, C. embryum, C. globiceps, C. recalvus, Oligocottus maculosus, O. snyderi, Artedius 
fenestralis, A. harringtoni, A. lateralis, and A. Type 3 form a monophyletic group within the Cottidae. W ithin 
this group, the species of Clinocottus and Oligocottus are very closely related; each genus, however, appears 
to be monophyletic. Larvae of all species of Clinocottus possess the synapomorphy, auxiliary preopercular 
spines. Larval Oligocottus maculosus and O. snyderi share two derived characters, dorsal gut bumps and a 
bubble of skin at the nape. Artedius fenestralis, A. harringtoni, A. lateralis, and A. Type 3 also form a 
monophyletic group closely related to Clinocottus and Oligocottus on the basis of a unique multiple preoper- 
cular spine pattern. 

Synapomorphic characters of the larvae provide strong evidence that A. creaseri and A. meanyi are more 
closely related to Icelinus than to species of Clinocottus, Oligocottus maculosus, O. snyderi, Artedius fenes- 
tralis, A. harringtoni, A. lateralis, and A. Type 3. Characters of the larvae strongly indicate that the genus 
Artedius as defined by Bolin (1934, 1947) is not monophyletic and that A. creaseri and A. meanyi should be 
placed separately from the other species of Artedius. Clarification of the exact position of these two species 
in relation to the Artedius-Clinocottus-Oligocottus group and other cottids must await reexamination of 
characters of adults. 

Complete, identified, developmental series of larval cottids Artedius fenestralis, A. creaseri, A. meanyi, 
Oligocottus snyderi, Clinocottus embryum, and C. globiceps are described for the first time. Partial devel- 
opmental series of two species, Artedius Type 3 and Clinocottus analis, are also described and illustrated for 
the first time. In addition, four species, Artedius harringtoni, A. lateralis, Oligocottus maculosus, and Clino- 
cottus acuticeps are redescribed providing new and comparative information on larval development. 



Introduction 

The Cottidae are a large, morphologically di- 
verse family of fishes composed of nearly 67 gen- 
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era and 300 species (Nelson 1976). Most of these 
species are marine and generally distributed in 
coastal waters of all oceans except the Indian 
Ocean. Cottids are most speciose in the North 
Pacific where 90 species distributed in 40 genera 
are reported to occur between Baja, California 
and the Aleutian Islands. Alaska. Sixteen of these 
species belonging to the genera Artedius. Clino- 
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cottus, and Oligocottus are common intertidal 
and subtidal inhabitants of the northeast Pacific 
coast (Table 1). Despite their abundance the sys- 
tematic status and early life history of members 
of Artedius, Clinocottus, and Oligocottus have 
received little study. 

The few systematic studies that have ad- 
dressed these genera have yielded contradictory 
results. Most workers have placed members of 
Artedius, Clinocottus, and Oligocottus in the 
family Cottidae (Jordan and Evermann 1898; 
Regan 1913; Bolin 1934, 1944, 1947; Berg 1940; 
Taranets 1941; Howe and Richardson 1978); 
Jordan (1923), however, placed the genus Arte- 
dius in the family Icelidae. Bolin ( 1 934, 1 947), 
in a review of marine cottids of California, pro- 
posed Artedius, Clinocottus, and Oligocottus 
were closely related genera that evolved from an 
evolutionary line of cottids tending towards a 
reduction of gills, pelvic fin rays, preopercular 
spines, and squamation. In contrast, Taranets 
(1941) separated members of these genera into 
two subfamilies. He placed Clinocottus, Oligo- 
cottus, and five species of Artedius in the subfam- 
ily Oligocottinae, and placed Artedius creaseri 
and A. meanyi in the Icelinae. Howe and Rich- 
ardson (1978) suggested that Artedius, Clinocot- 
tus, and Oligocottus form a closely related group, 
Oligocottus and Clinocottus being most closely 
related. However, they did not discuss characters 
that led to their proposal. 

Much of the confusion in the systematic treat- 
ment of these genera is due to the use of primitive 
and reductive characters in classifications, and 
the failure of past workers to define the genera 
on the basis of unique, derived characters. Char- 
acters used in past studies have not been exclu- 
sive to this group and are present in other cottid 
genera. 

The usefulness of characters of larvae and ju- 
veniles in elucidating systematic relationships has 
been demonstrated in several groups (Bertelsen 
1951; Moser and Ahlstrom 1970, 1972, 1974; 
Johnson 1974; Okiyama 1974; Kendall 1979; 
Richardson 1981; and Moser et al. 1 984). Results 
of these studies have indicated that ontogenetic 
characters provide an independent set of char- 
acters with which to evaluate phylogenetic re- 
lationships. Characters of larvae have been par- 
ticularly helpful in groups in which characters of 
adults have been reductive or generalized (Moser 
and Ahlstrom 1972, 1974). 

Although larvae of most species of Artedius, 



Clinocottus, and Oligocottus are frequently col- 
lected in nearshore plankton samples in the 
northeast Pacific, until recently larvae of few 
species have been described. Of the 16 nominal 
species, developmental series of identified larvae 
have only been described for A. harringtoni, A. 
lateralis, C. acuticeps, C. recalvus, and O. mac- 
ulosus. Other forms that belong to this group 
based on larval morphology, but not identified 
to species, were described by Richardson and 
Washington (1980) as Artedius Type 2, Cottidae 
Type 1, Type 2, and Type 3. Previous descrip- 
tions of A. lateralis and O. maculosus are inad- 
equate for specific identification. Descriptions by 
Richardson and Washington ( 1 980) were based 
on incomplete developmental series and too few 
specimens for specific and/or generic identifi- 
cation. 

The objectives of this study were: 1) to eval- 
uate phylogenetic relationships of Artedius, Cli- 
nocottus, and Oligocottus within the Cottidae 
following the phylogenetic methodology of Hen- 
nig (1966) and 2) to describe the ontogeny of 
larvae and juveniles of as many species of Ar- 
tedius, Clinocottus, and Oligocottus as possible. 

Methods and Materials 
Systematic Procedures 

The investigation of systematic relationships 
in this study follows the phylogenetic approach 
first put forth by Hennig (1966) and modified 
and debated by Brundin (1966, 1968), Cracraft 
( 1974), Sneath and Sokal ( 1 973), Ashlock (1974), 
Mayr (1974), and others. 

This methodology is considered best suited to 
the objectives of this study because the meth- 
odology is a phylogenetic approach, and is well 
defined in regard to character evolution. Other 
approaches currently used are not as well suited 
to the purpose of this study. Numerical taxon- 
omy, best described by Sneath and Sokal (1973), 
is a phenetic approach in which taxa are clustered 
by overall similarity. Evolutionary systematics 
described by Mayr (1969) and Simpson (1961) 
combines both phyletic and phenetic informa- 
tion; however, a well-defined, repeatable meth- 
odology has not been incorporated into this ap- 
proach. 

The basic tenet of Hennig’s approach is that 
the shared possession of derived character states 
is the only valid criterion for establishing phy- 
logenetic relationships. Hennig (1966) defines a 
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monophyletic group as a group in which all 
members are descended from a single stem. The 
common possession of one or more derived char- 
acters is the only conclusive evidence that a group 
is monophyletic. Shared, plesiomorphic char- 
acters are not used because primitive character 
states inherited from an ancestral taxon may re- 
main unchanged in various divergent lineages 
and may not be evidence of close relationship. 
Monophyletic groups that arose from a common 
stem by the same splitting process are called sis- 
ter groups. Every monophyletic group, together 
with its sister group, constitutes a monophyletic 
group of higher taxonomic rank. 

Since only derived character states are used in 
determining phylogenetic relationships, the po- 
larity of character states was determined through 
outgroup comparisons. The outgroup taxa ex- 
amined in this study included larvae of seven 
different cottid genera: Scorpaenichthys mar- 
moratus, Hemilepidotus spinosus, Leptocottus 
armatus, Enophrys bison, Myoxocephalus sp., 
Icelinus sp., and Radulinus asprellus. Members 
of these genera are quite varied and represent 
several divergent lineages within the Cottidae 
(Bolin 1934, 1947; Taranets 1941; Howe and 
Richardson 1978). Larvae of several other scor- 
paeniform families also were examined for out- 
group comparisons. These taxa included: Se- 
bastes flavidus (Scorpaenidae); Hexagrammos sp. 
(Hexagrammidae), Cyclopteridae Type 1 (Cy- 
clopteridae), and Stellerina xyosterna (Agoni- 
dae). 

Selection of Char-acters for Analyses.— 
A variety of characters were examined in Arte- 
dius, Clinocottus, and Oligocottus larvae includ- 
ing meristics, morphology, pigmentation, spi- 
nation, and developmental osteology. However, 
of the 50 characters initially examined, many 
were deleted from final analysis. The criteria used 
in deleting characters are as follows: 

(1) Characters that exhibit a large amount of 
variability were deleted from analysis. High- 
ly variable characters are poor indicators of 
phylogenetic relationships (Bolin 1947; 
Simpson 1961; Mayr 1969). Examples of 
variable characters are head pigmentation 
and number of posttemporal-supracleithral 
spines. 

(2) Derived character states found in only one 
species were deleted. Again characters of this 
nature are of no value in determining intra- 



group relationships. Hindgut diverticula of 
Clinocottus acuticeps are an example of a 
specific character. 

(3) Characters in which the sequence of change 
or the primitive and derived states could not 
be identified were deleted from the analysis. 
Many of the morphometric and pigmenta- 
tion characters fell into this category. 

Taxonomic Procedures 

Larval descriptions are based on both labo- 
ratory-reared larvae and field-collected speci- 
mens. Egg masses were spawned from ripe Cli- 
nocottus globiceps, Oligocottus maculosus, and 
O. snyderi collected from tidepools along the 
central Oregon coast during winter-spring 1979 
and 1980. Larvae were maintained at 12-13°C. 
In addition to reared specimens, developmental 
series were put together with larvae obtained with 
70 cm bongo nets and neuston nets off the coast 
of Oregon between 1969 and 1978. Samples were 
taken in all months of the year from an area 
concentrated along an east-west transect off 
Newport, Oregon (lat. 44°39.1'N). Specimens 
were also obtained from estuarine and coastal 
collections of the Southwest Fisheries Center, La 
Jolla Laboratory, National Marine Fisheries Ser- 
vice; Scripps Institution of Oceanography; Los 
Angeles County Museum of Natural History; 
Marine Ecological Consultants; California Acad- 
emy of Sciences; Humboldt State University; 
Northwest Fisheries Center, Seattle Laboratory, 
National Marine Fisheries Service; and Univer- 
sity of Washington. Reared specimens of Arte- 
dius lateralis from College of Fisheries, Univer- 
sity of British Columbia and Oligocottus 
maculosus and Clinocottus acuticeps from Van- 
couver Public Aquarium were also utilized. 
Transforming and juvenile specimens were col- 
lected monthly from 1977 to 1980 from tide- 
pools along the central Oregon coast. 

All specimens were preserved in 5 or 10% buff- 
ered formalin and some material was subse- 
quently transferred to 36 or 40% isopropyl al- 
cohol. 

Developmental series of larvae and juveniles 
were assembled for 12 of the 16 species of Ar- 
tedius, Clinocottus, and Oligocottus. The num- 
ber of specimens examined in each series varies 
from 1 1-38 according to availability of material. 
Developmental series were formed utilizing field- 
caught larvae, except as noted below, because of 
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the large amounts of variation in morphology 
and pigmentation in laboratory-reared larvae. 
Newly hatched, reared larvae are included in se- 
ries of Artedius fenestralis, A. lateralis, Clino- 
cottus acuticeps, C. globiceps, Oligocottus mac- 
ulosus, and O. snyderi. In addition, reared larvae 
were used to supplement incomplete develop- 
mental series of field-caught larvae of Clinocottus 
globiceps and Oligocottus maculosus. Marked 
differences between developmental series based 
on field specimens and laboratory-reared speci- 
mens are noted in the descriptions. 

Developmental stages follow the terminology 
of Ahlstrom et al. (1976), except that the tran- 
sitional period between the larval and juvenile 
stages is marked by an increase in pigmentation 
particularly over the head and in saddles along 
the dorsum, a reduction in the size and number 
of preopercular spines, an ossification of the pel- 
vic fin spine and rays, and the formation of scales. 
Specimens are referred to as juveniles when they 
settle from the plankton and assume a benthic 
existence. 

Morphometrics.— Measurements of selected 
body parts were made to the nearest 0. 1 or 0.0 1 
mm using an ocular micrometer in a stereo- 
microscope. Measurements were made following 
the definitions of Richardson and Laroche (1979) 
except as follows: body depth at anus = vertical 
distance from the dorsal to ventral body margin 
at the anus, snout to pelvic fin origin = horizon- 
tal distance from the tip of the snout to a vertical 
through the origin of the pelvic fin, and origin of 
pelvic fin to anus = horizontal distance from a 
vertical through the origin of the pelvic fin to the 
anus. Head length is abbreviated as HL. Detailed 
tables documenting the development of meristic 
elements for larvae oi Artedius, Clinocottus, and 
Oligocottus are presented by Washington (1981). 

All body lengths given in this study refer to 
either notochord length (NL), which is defined 
as snout tip to notochord tip preceding devel- 
opment of the caudal fin; standard length (SL), 
which is defined as snout tip to the posterior 
margin of the hypural plates; or total length (TL), 
which is defined as snout tip to the posteriormost 
margin of the caudal fin. Unless otherwise in- 
dicated, all lengths given are standard length. 

Meristics.— Following the methods of Din- 
gerkus and Uhler (1977), several larvae were 
cleared and stained with Alcian Blue and Ali- 
zarin Red S for each species when specimens 
were available in sufficient numbers. Counts were 



made of dorsal fin spines and rays, anal fin rays, 
pelvic fin spines and rays, principal caudal rays, 
branchiostegal rays, preopercular spines, and 
vertebrae. Vertebral counts always included the 
urostyle. All meristic elements were counted if 
they absorbed Alizarin stain. Principal caudal 
rays are defined as the number of caudal fin rays 
that articulate with the upper and lower hypural 
plates. 

Counts of meristic elements were also made 
on unstained larvae from the developmental se- 
ries used in the morphometric examination. All 
fin rays and spines, branchiostegal rays, pre- 
opercular spines, and myomeres were counted 
when visible under magnification. In this study, 
all fin rays and spines were counted, regardless 
of whether they arose from the same pterygio- 
phore. (For detailed meristic and spination tables 
of developmental series of known Artedius, Cli- 
nocottus, and Oligocottus larvae see Washington 
1981). 

Spination.— Spine terminology generally fol- 
lows Richardson and Washington ( 1 980) in which 
spines are named for the bones from which they 
originate. 

Taxonomic Terminology.— Results of this 
study do not agree with previously recognized 
limits of the genus Artedius. In order to avoid 
confusion, species in this group are designated 
as Artedius Group A including A. fenestralis, A. 
harringtoni, A. lateralis, and A. Type 3 (either 
A. corallinus ox A. notospilotus) ox .Artedius Group 
B including A. creaseri and A. meanyi. Larvae 
referred to as .Artedius Type 3 are either A. cor- 
allinus or A. notospilotus. Positive identification 
is not possible at this time because of the lack of 
late-stage larval specimens. (See descriptions for 
discussion of identification.) 

Results 

Description of Characters Considered 

Preopercular Spination.— The number of 
preopercular spines is a relatively stable, con- 
servative character in larval cottids. Most cottid 
larvae (22 of 28 known genera) possess four ap- 
proximately equal-sized spines situated along the 
posterior margin of the preopercle. Generally the 
dorsalmost spine increases in size with devel- 
opment while the lower three spines are reduced 
or lost. 

A modification of this basic preopercular pat- 
tern is found in larvae of several species of Ice- 
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Figure I. Mulliple preopercular spines in larval Artedius, Clinocottus, and Oligocottus. A) Artedius harringtoni, B) A. 
fenestralis, C) A. lateralis, D) A. Type 3, E) Clinocottus acuticeps, F) C. embryum. G) C. globiceps, H) C. analis, I) Oligocottus 
snyderi. J) O. maculosus. 



linus and Myoxocephalus. These larvae possess 
an additional small, auxiliary spine situated on 
the inner shelf of the preopercle anterior to the 
bases of the four principal preopercular spines. 

A third pattern of preopercular spination is 
found in larvae of Clinocottus, Oligocottus, and 
Artedius Group A (Fig. 1). These larvae possess 
5-24 small spines situated along the posterior 
margin of the preopercle. Two basic patterns of 
multiple preopercular spines occur in larvae of 
this group. In four species of Artedius (Group A), 
the dorsalmost, middle, and ventralmost spines 
become enlarged relative to the other preoper- 
cular spines. During transformation, the dorsal- 



most spine continues to increase in size, while 
the middle spines (7-9), midventral spines (11- 
14), and ventralmost spines each fuse together, 
forming three large bumps on the preopercular 
margin. The other preopercular spines gradually 
disappear. 

In larvae of Clinocottus and Oligocottus the 
dorsalmost spine increases in size relative to the 
other preopercular spines. During transforma- 
tion the lower spines regress and disappear while 
the dorsalmost spine remains prominent. 

Outgroup comparisons with larvae of closely 
related Scorpaeniformes indicate the presence of 
five or fewer approximately equal-sized pre- 
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Figure 2. Preopercular spines of larval Arledius meanyi and A. creased. 



Opercular spines. Sebastes and Stellerina larvae 
possess five and four spines, respectively; hexa- 
grammid larvae possess five to six, three, or no 
spines, and cyclopterid larvae have lost all pre- 
opercular spines. The cottid taxa that possess 
four equal-sized preopercular spines also tend to 
have many other primitive character states. The 
presence of four equal-sized spines is considered 
the plesiomorphic state for preopercular spines 
in cottid larvae. 

The modified pattern of spines found in larval 
Icelinus and Myoxocephalus could easily be de- 
rived from the basic pattern of four preopercular 
spines. In fact, larvae of several species of Ice- 
linus and Myoxocephalus possess only four pre- 
opercular spines. The presence of an auxiliary 
spine on the preopercle probably represents an 
intermediate character state leading toward mul- 
tiple preopercular spines. 

The multiple preopercular spines of larvae of 
Artedius (Group A), Clinocottus, and Oligocottus 
are unique to this group. Multiple preopercular 
spines are not present in any other known cottid 
or scorpaeniform larvae. Multiple preopercular 
spines are derived character states indicative of 
the monophyletic origin of this group. 

Basal Preopercular Spine. — Larvae of ^4r- 
tedius meanyi and creaseri, larvae of at least two 
species of Icelinus, and larvae oi Myoxocephalus 
possess small projections or spines on the base 
of each of the four main preopercular spines (Fig. 
2). These basal spines project out at 90® angles 
to the axis of the main preopercular spines. The 
basal spines are most pronounced in early post- 
flexion larvae. With development, four bony 



ridges form on the inner shelf of the preopercle, 
parallel to each basal spine. These bony ridges 
grow toward the basal spines and gradually fuse 
with them, forming bony arches over the forming 
lateral line canal of the preopercle. These basal 
spines are not present in other cottid or scor- 
paeniform larvae examined and probably are a 
derived character state. 

Inner Shelf Preopercular Spines.— Larval 
Clinocottus possess one or two tiny spines on the 
inner shelf margin of the preopercle. Clinocottus 
acuticeps larvae have only one inner shelf spine. 
All other Clinocottus larvae examined have two. 
These spines are transient features which form 
in postflexion larvae and are lost before trans- 
formation. They appear to be unique to this group 
and, as such, to be derived character states. 

Nape Bubble.— Larvae of Oligocottus macu- 
losus and O. snyderi possess a distinctive bubble 
of skin in the nape region just anterior to the 
origin of the dorsal fin (Fig. 3). This bubble is 
present at hatching and persists for two or three 
weeks (to about the beginning of flexion of the 
notochord). No other known cottid larvae pos- 
sess a bubble of skin at the nape; accordingly, 
this bubble is probably a derived character unique 
to these two species. (Larvae of O. rimensis and 
O. rubellio are unidentified and it is not known 
if they also possess this character.) 

Gut Diverticula.— Long protrusions or di- 
verticula extend dorsolaterally from either side 
of the abdominal cavity in larvae of Artedius 
fenestralis, A. lateralis, and A. Type 3 (Fig. 4). 
These diverticula are present at hatching and per- 
sist throughout larval development. Newly 
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Figure 3. Nape bubble of larval Oligocottus snyderi. 



hatched larvae of Oligocottus maculosus and O. 
snyderi possess similar but less pronounced 
bumps or protrusions on either side of the dorsal 
surface of the abdominal cavity. These bumps 
are present at hatching, but they disappear after 
two to three weeks at about the onset of noto- 
chord flexion. The diverticula of Artedius fenes- 
tralis, lateralis, and Type 3 and the smaller pro- 
trusions of Oligocottus appear to be homologous 
structures, with the smaller bumps constituting 
an intermediate form. These diverticula are 
unique, derived characters not known in other 
cottid larvae. 

Larvae of C acuticeps also possess long di- 
verticula which extend posteriorly on either side 
of the anus. Larvae of C. globiceps, C. embryum, 
and C. analis have bulges on either side of the 
anus. Although these bulges appear to form an 
intermediate state in the evolution of hindgut 
diverticula, histological sections of the guts of 
larval Clinocottus yielded inconclusive results. 
Larval C. analis, C. embryum, and C. globiceps 
possess an enlarged coelom on either side of the 
hindgut, but no distinct diverticula. Hindgut di- 
verticula appear to be unique to C. acuticeps. 

Parietal and Nuchal Spines.— Most larval 
cottids develop two spines, a large anterior pa- 
rietal and a smaller posterior nuchal spine at the 
posterior edge of the parietal bones. The anterior 
parietal spine develops first, followed by a small- 
er nuchal spine that forms just posterior to it. 
These spines are generally transient structures 
that form late in larval development and are re- 
duced or lost during transformation. In many 



species of cottids, the spines appear to fuse to- 
gether enclosing a small canal between the bases 
of the two spines. This canal eventually becomes 
part of the cranial lateral line system. In other 
species, the spines decrease in size without fusing 
together. Concurrently, sheets of bone extend an- 
teriorly and posteriorly from the spines and 
eventually fuse together, forming an incipient 
cranial arch. 

Similar parietal and nuchal spines occur in lar- 
vae of most other scorpaeniform families and 
appear to be homologous to those of cottid lar- 
vae. The presence of a parietal and nuchal spine 
is probably the primitive or ancestral condition 
in the Cottidae. 

Parietal and nuchal spines have undergone 
modification and elaboration in larvae of most 
of the species of Clinocottus and Oligocottus, and 
in Artedius fenestralis, A. harringtoni, A. later- 
alis, and A. Type 3. Two species (Artedius har- 
ringtoni and Clinocottus acuticeps) have lost these 
spines completely. Three species (Clinocottus 
analis, C. embryum, and C recalvus) have re- 
tained the primitive condition of possessing a 
parietal and nuchal spine. The remaining species 
(A. fenestralis, A. lateralis, O. maculosus, O. sny- 
deri. and C. globiceps) have tended toward an 
elaboration and increase in number of parietal 
spines. Generally, these larvae develop a cluster 
of three to six spines, which are situated in two 
transverse rows at the posterior margin of the 
parietal region. During transformation, these 
clusters of spines decrease in size and disappear. 
At the same time, sheets of bone extend ante- 
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Figure 4. Dorsal gut diverticula in larval Artedius fenestralis. 



riorly and posteriorly from the bases of the two 
rows of spines and eventually fuse together. This 
bony arch becomes a part of the cranial lateral 
line system in juveniles. 

The absence of parietal spines in A. harringtoni 
and C. acuticeps is probably a secondary loss 
and, as such, represents a derived condition. The 



elaboration of spines into clusters is apparently 
unique to larvae of Artedius, Clinocottus, and 
OUgocottus and is also a derived state. 

Pigmentation. — Melanistic pigmentation 
varies greatly among cottid larvae ranging from 
relatively unpigmented forms to heavily pig- 
mented ones. Larvae of Artedius, Clinocottus, and 
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Oligocottus are all lightly pigmented and possess 
numerous, intense melanophores over the dor- 
solateral surface of the gut and in a row posterior 
to the anus. The shape and number of midline 
melanophores varies between species. Larvae of 
all but one species, A. creaseri, possess several 
melanophores in the nape region. The presence 
of head pigment and anteroventral gut melano- 
phores varies among the species of Artedius, Cli- 
nocottus, and Oligocottus. 

Although pigment patterns are diagnostic at 
the specific level, they are difficult to evaluate 
for use in systematic analysis. Many fish larvae 
in distantly related families, and even orders, are 
similarly pigmented. Several cottid genera other 
than Artedius, Clinocottus, and Oligocottus also 
possess similar pigment patterns. Hence, it is dif- 
ficult, if not impossible, to determine which pig- 
ment patterns are primitive and which are de- 
rived. 

Nevertheless, trends in certain areas of pig- 
mentation can be discerned. Among known cot- 
tid larvae, a discrete nape pigment patch is found 
only in members of Artedius, Clinocottus, Oli- 
gocottus, Enophrys, Myoxocephalus, and Gym- 
nocanthus. Nape pigment is probably derived in 
cottid larvae. The number of ventral midline me- 
lanophores situated posterior to the anus ranges 
from 2 to 33 in larvae of Artedius, Clinocottus, 
and Oligocottus. In addition, the shape and spac- 
ing of these melanophores varies from small dots 
to long slashes extending onto the ventral finfold 
to large pigment blotches. Artedius creaseri and 
A. meanyi both possess irregularly shaped 
blotches of pigment along the ventral midline. 
Artedius fenestralis, A. harringtoni, and A. lat- 
eralis al\ possess distinctive pigment slashes. Oli- 
gocottus and Clinocottus larvae possess small, 
round melanophores. Although these pigment 
patterns bind certain species together, it is dif- 
ficult to determine ancestral versus derived states. 
Both pigment blotches and distinctive midline 
slashes are found in larval Icelinus. Pigment, as 
well as other characters, indicates that Icelinus 
shares close affinities with Artedius, however, the 
direction of the evolution of pigment patterns 
cannot be determined. 

Morphometrics.— Cottid larvae exhibit a di- 
versity of body forms. Body shape ranges from 
short and stubby (Artedius [Group A] and Eno- 
phrys) to long and slender (Radulinus and Icelus) 
to globose (Malacocottus). Larval Artedius (Group 



A), Clinocottus, and Oligocottus have short, 
stubby bodies with blunt, rounded snouts. Gut 
length is moderately long and the posterior por- 
tion of the hindgut trails well below the rest of 
the body. 

Measurements of body parts frequently over- 
lap in larval Artedius (Group A), Clinocottus, 
and Oligocottus because of their similarity in body 
shape. These similarities make it difficult to de- 
termine discrete character states or transforma- 
tion series. In addition, many body parts change 
markedly during larval development, frequently 
exhibiting allometry. Because of the extreme di- 
versity of forms found in larval cottids, it is dif- 
ficult to evaluate morphometric characters for 
systematic analysis. Trends can be observed in 
only a few body parts. 

Larvae of Artedius creaseri and A. meanyi have 
long, pointed snouts. They develop relatively long 
ascending processes on the premaxillary. The un- 
derlying ethmoid cartilage is relatively large, 
causing a pointed, humped appearance of the 
snout. Larval Icelinus exhibit pointed snouts 
similar to that of A. meanyi and A. creaseri. 

In contrast, all other larval Artedius, Clino- 
cottus, and Oligocottus have blunt, rounded 
snouts. The ascending processes of their pre- 
maxillaries are relatively short, and the ethmoid 
cartilage forms late in development. 

Snout length is variable in the outgroup taxa. 
Sebastes larvae have a somewhat long, pointed 
snout, but the hexagrammid, cyclopterid, and 
agonid larvae examined have shorter, rounded 
snouts. Within the cottids, Enophrys, Leptocot- 
tus, Hemilepidotus, and Scorpaenichthys larvae 
all have blunt, rounded snouts. This condition 
is probably the primitive condition relative to 
larvae of .Artedius, Clinocottus, and Oligocottus 
because it is widespread in several divergent gen- 
era of cottids and scorpaeniforms. The pointed 
snout appears to be a derived condition. 

Although gut length varies greatly among cot- 
tid larvae (Richardson and Washington 1980), 
larval Artedius (Group A), Clinocottus, and Oli- 
gocottus possess distinctive guts with the hindgut 
coiled very loosely and extending posteriorly. The 
tip of the hindgut extends ventrally well below 
the rest of the body and posteriorly to the origin 
of the anal fin. This condition is most pro- 
nounced in Clinocottus larvae. Larval C. acuti- 
ceps and C. etnbryutn have especially long, trail- 
ing hindguts which extend posteroventrally past 
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the anal fin origin. A trailing gut is unique to 
larvae of Artedius (excepting A. meanyi and A. 
creaseri), Clinocottus, and Oligocottus, and is as- 
sumed to be a derived condition. 

Pelvic Fin Rays.— The number of pelvic fin 
rays in cottids ranges from one spine and five 
rays to no spines or rays. 

Pelvic fin rays are generally considered to be 
undergoing reduction in the cottids. The primi- 
tive state is 1,5 fin rays as in other Scorpaeni- 
formes. Reduction in number of rays is a derived 
state. 

Larvae oi Artedius, Clinocottus, and Oligocot- 
tus all possess 1,3 pelvic fin rays, except for A. 
meanyi. Artedius meanyi usually possesses 1,2 
pelvic fin rays. The outermost of these fin rays 
is markedly long and thickened, and the tips of 
this ray are separated. Icelinus also possesses 1,2 
pelvic fin rays; however, both rays are relatively 
short and fine. The thickened outer ray of A. 
meanyi may have evolved through the fusion of 
two fin rays. If so, this condition may constitute 
an intermediate state between the three pelvic 
fin rays of Artedius, Clinocottus, and Oligocottus 
and the two pelvic fin rays of Icelinus. 

Branchiostegal Rays.— The scorpaenids, 
considered to be the most generalized scorpae- 
niform (Bolin 1947; Quast 1965), possess seven 
branchiostegals. The hexagrammids and the zan- 
iolepids, which occupy an intermediate position 
between the scorpaenids and cottids (Quast 1 965), 
both possess six branchiostegals. Most cottids 
possess six branchiostegal rays; however, the 
psychrolutids and some freshwater Cottus species 
have seven branchiostegals. The psychrolutids 
are a distinct group which possess many derived 
characters and have apparently diverged from 
other cottids. Similarly, members of Cottus also 
possess many derived characters that apparently 
reflect adaptation to a freshwater habitat. Cottids 
that are generally considered to be primitive be- 
cause they retain many primitive features all pos- 
sess six branchiostegal rays. 

Although the possession of seven branchioste- 
gal rays is probably the primitive condition in 
the scorpaeniforms, possession of six branchi- 
ostegals appears to be the primitive state within 
the cottids. Cottid genera such as Icelinus and 
Hemilepidotus, which Bolin (1947) considered 
to have evolved from the evolutionary line lead- 
ing to Artedius, Clinocottus, and Oligocottus, all 
possess six branchiostegal rays. Six branchioste- 



gals is probably also the primitive state relative 
to Artedius, Clinocottus, and Oligocottus. Be- 
cause those cottids generally considered to be 
from the same evolutionary lineage as Artedius 
(Bolin 1934, 1947) all have six branchiostegals, 
it is assumed that the seven branchiostegals found 
in Artedius harringtoni and in some Clinocottus 
globiceps are secondarily derived. 

POSTTEMPORAL-SUPRACLEITHRAL SpiNES. — 

Larvae of most known scorpaeniforms (includ- 
ing most known cottids) develop three spines in 
the posttemporal-supracleithral region of the 
head. Generally, two spines form first on the ven- 
tral portion of the posttemporal bone, and one 
spine forms midway along the posterior margin 
of the supracleithrum. These spines persist dur- 
ing transformation at which time the surround- 
ing portions of the posttemporal and supracleith- 
ral bones undergo modification and canals form 
in these bones between the spines. This entire 
complex then develops into the junction point 
of the cephalic lateral line system and the lateral 
line system. This pattern of spines probably rep- 
resents the plesiomorphic condition in larval cot- 
tids. 

In larvae of Artedius, Clinocottus, and Oligo- 
cottus the posttemporal-supracleithral spines are 
frequently modified. The modifications appear 
to be correlated with those of the parietal and 
nuchal spines. Larvae that have lost parietal 
spines do not develop posttemporal-supracleith- 
ral spines, and larvae that have evolved complex 
clusters of parietal spines also develop clusters 
of posttemporal-supracleithral spines. Neither .4. 
harringtoni nor C. acuticeps larvae develop any 
spines in the posttemporal-supracleithral region. 
Larvae of A. creaseri, A. meanyi, C. embryum, 
and C. recalvus possess two posttemporal and 
one supracleithral spine. Artedius fenestralis, A. 
lateralis, O. maculosus, O. snyderi, and C. glo- 
biceps all develop more than three posttemporal- 
supracleithral spines. 

As described for parietal and nuchal spines, 
the posttemporal-supracleithral spines vary 
among species of Artedius, Clinocottus, and Oli- 
gocottus. This variability among closely related 
species suggests that these spines may be 
undergoing rapid modification in this group and 
loss of spines or possession of clusters of spines 
may represent convergent or parallel evolution. 

As with the parietal and nuchal spines, the 
absence of posttemporal-supracleithral spines in 
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Table 2. Character States Used in Systematic Analysis and T heir Distribution Among Larval Artedius, Clinocottvs, 
AND OuGOCOTTVS AND THE OuTGROUP TaXA. 





No. of 
preopercular 
spines 


Preopercular spine 
pattern 


Basal 

preopercular 

spine 


Auxiliary pre- 
opercular spines 


Bubble of 
skin at nape 


Equal- 

sized 


Dorsal 

spine 

larg- 

est 


Dorsal, 
mid, & 
ventral 


spine 

largest 


Absent 


Pres- 


Pres- 
Absent ent 


<5 


>5 


Absent 


One Two 


Artedius 
























fenestralis 




X 






X 


X 




X 






X 


Artedius 
























harringtoni 




X 






X 


X 




X 






X 


Artedius 
























lateralis 




X 






X 


X 




X 






X 


Artedius lyx>t 3 




X 






X 


X 




X 






X 


Oligocottus 
























maculosus 




X 




X 




X 




X 






X 


Oligocottus 
























snyderi 




X 




X 




X 




X 






X 


Clinocottus 
























acuticeps 




X 




X 




X 






X 




X 


Clinocottus analis 




X 




X 




X 








X 


X 


Clinocottus 
























emhryum 




X 




X 




X 








X 


X 


Clinocottus 
























globtceps 




X 




X 




X 








X 


X 


Clinocottus 
























recalvus 




X 




X 




X 








X 


X 


Artedius creaseri 


X 




X 








X 


X 






X 


Artedius meanyi 


X 




X 








X 


X 






X 


Scorpaenichthys 
























marmoratus 


X 




X 






X 




X 






X 


Hemilepidotus 
























hemilepidotus 


X 




X 






X 




X 






X 


Leptocottus 
























armatus 


X 




X 






X 




X 






X 


Enophrys bison 


X 




X 






X 




X 






X 


Myoxocephalus sp. 


X 




X 








X 


X 






X 


Icelinus sp. 


X 




X 








X 


X 






X 


Radulinus 
























asprellus 


X 




X 










X 






X 


Sebastes Jlavidus 


X 




X 










X 






X 


Hexagram rnos sp. 


* 




* 






* 




X 






X 


Cyclopteridae 
























Type I 


• 




* 






* 




X 






X 


Stellerina 
























xyoslerna 


X 




X 






X 




X 






X 



• Character absent. 



A. harringtoni and C. acuticeps is probably a sec- 
ondary loss and hence a derived state. The trend 
toward an elaboration of these spines is found 
only in members of Artedius, Clinocottus, and 
Oligocottus and is also considered a derived state. 

Characters Selected for Systematic 
Analysis.— Of the 50 characters examined, 10 
characters were selected for use in the phyloge- 
netic analysis (Table 2). These 10 best fit the 



criteria for character selection listed in the meth- 
ods. 

Character 1: Number of preopercular spines. 

A) 5 

B) 0 

C) 4 

D) >5 

Character 2: Preopercular spine pattern. 

A) preopercular spines equal-sized 
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Table 2. Continued. 
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B) dorsalmost spine largest 
Q dorsal, middle, and ventral spines larg- 
est 

Character 3: Basal preopercular spines. 

A) absent 

B) present 

Character 4: Auxiliary preopercular spines. 

A) absent 

B) 1 



C) 2 

Character 5: Bubble of skin at nape. 

A) absent 

B) present 

Character 6: Diverticula on dorsal surface of 
gut. 

A) absent 

B) small bumps 

C) long diverticula 
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Figure 5. Cladogram of systematic relationships between Artedius, Clinocottus, and Oligocottus. Characters numbered on 
cladogram indicate synapomorphies. 



Character 7: Parietal spines. 

A) 2 

B) modified: clusters of spines 

C) modified: absent 

Character 8: Number of pelvic fin rays. 

A) >3 

B) 3 

C) 2 

Character 9: Snout shape. 

A) rounded 

B) pointed 

Character 10: Hindgut shape. 

A) compact; not trailing below body; end- 
ing anterior to anal fin origin 

B) hindgut trailing slightly below body; ex- 
tending to origin of anal fin 

C) hindgut trailing well below body; ex- 
tending posterior to anal fin origin 

Phylogenetic Relationships 

A hypothesis of evolutionary relationships 
among species in the cottid genera Artedius, Cli- 
nocottus. and Oligocottus is presented in Figure 
5. Two main lineages or sister groups of Artedius, 
Clinocottus, and Oligocottus larvae are repre- 



sented in the resulting cladogram based on shared 
derived characters of the larvae. Species with 
larvae possessing the synapomorphic characters, 
multiple preopercular spines and trailing guts, 
form one major group. In addition to the pos- 
session of shared, derived characters, larvae of 
this group are extremely similar in pigmentation 
and body shape. The second major evolutionary 
line consists of species sharing two derived char- 
acters, basal preopercular spines and pointed 
snouts. This line includes Artedius creaseri, A. 
meanyi, and Icelinus. 

The two main evolutionary lines or groups of 
Artedius, Clinocottus, Oligocottus, and Icelinus 
correspond to Taranets’s (1941) classification of 
these species. Taranets (1941) placed Artedius 
meanyi and .4. creaseri in the subfamily Icelinae, 
along with members of Icelinus and Chitonotus. 
He based this decision on the following char- 
acters: the upper preopercular spine larger than 
the lower spines; two rows of bony plates on the 
body— one along the lateral line, the other at the 
base of the dorsal fins; and scales usually present 
on other parts of the body. All of these characters 
are undergoing reduction and are present in sev- 
eral different genera of cottids. As such, they have 
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low systematic value. Taranets (1941) combined 
Clinocottus, Oligocottus, Artedius corallinus, A. 
fenestralis, A. harringtoni, A. lateralis, and A. 
notospilotus in the subfamily Oligocottinae. This 
subfamily was characterized by the absence of 
spines or ridges projecting through the skin on 
the head, weakly developed preopercular spines, 
body naked or with bony plates reduced, and 

. . other characters.” Unfortunately, Taranets 
did not mention which other characters he ex- 
amined. 

In contrast, other investigators have placed Ar- 
tedius meanyi and A. creaseri in the genus Ar- 
tedius along with the five other species of Arte- 
dius discussed above. Howe and Richardson 
(1978) and Bolin (1947) proposed that although 
Artedius shared close affinities with Icelinus, it 
was more closely related to Clinocottus and Oli- 
gocottus. Jordan (1 923), however, stated that.4r- 
tedius was most closely related to Icelinus be- 
cause of the common possession of bony plates 
on either side of the dorsal fins. 

The evolutionary lineage (Fig. 5) containing 
larvae with multiple preopercular spines in- 
cludes three distinct groups of species. One of 
these groups includes all the species of the genus 
Clinocottus. Larvae of this group share one syn- 
apomorphic character, inner-shelf preopercular 
spines. Larvae of Clinocottus possess one or two 
auxiliary spines on the inner preopercular shelf. 
These spines appear to be a derived character 
unique to members of this genus and provide 
evidence that the genus is monophyletic. This 
genus has been previously recognized and de- 
fined on the basis of adult characters, e.g., loss 
of scales, an advanced anus, and possession of a 
heavy, blunt penis (Hubbs 1926; Bolin 1934, 
1944, 1947; Taranets 1941; Howe and Richard- 
son 1978). None of these characters is unique to 
members of Clinocottus. Several different lin- 
eages of cottids exhibit reduction in squamation, 
advanced anuses, and penes. 

Within the genus Clinocottus, C. embryum and 
C. acuticeps are grouped together on the basis of 
a synapomorphic character, a trailing hindgut 
which extends posterior to the origin of the anal 
fin. Clinocottus acuticeps larvae are unique in 
their possession of the autapomorphy, distinct 
hindgut diverticula. Clinocottus embryum and 
C. acuticeps larvae also are similar in possessing 
moderately pointed snouts relative to the blunt, 
rounded snouts of other Clinocottus larvae, a 



loose bubble of skin in the head region, and light 
pigmentation. 

Synapomorphic characters for clarifying inter- 
specific relationships among C. analis, C. recal- 
vus, and C. globiceps were not identified. Never- 
theless, several pigmentation and morphological 
characters, for which direction of evolution is not 
known, do suggest possible relationships among 
these species. Both Clinocottus globiceps and C. 
recalvus larvae have intense pigmentation over 
the snout, head, and nape. Both have very blunt, 
globose heads, large bulging guts, and relatively 
deep bodies. Juveniles of the two species are 
nearly inseparable based on external morphol- 
ogy. These characters suggest that C. globiceps 
and C recalvus may be a very closely related 
species pair. Postflexion larvae of C. analis differ 
from all other postflexion Clinocottus larvae in 
possessing an intense band of melanistic pigment 
over the lateral surface of the body. Unfortu- 
nately, the polarity (direction of evolution) of 
many of the transformation series of morpho- 
metric and pigment characters could not be de- 
termined; hence, these characters could not be 
used in the phylogenetic analysis. Pigmentation 
and morphometric characters have been useful 
in several systematic studies based on larvae and 
have frequently been correlated with other de- 
rived characters (Johnson 1 974; Moser and Ahl- 
strom 1974; Okiyama 1974; Richardson 1981). 
Clarification of relationships among the species 
of Clinocottus must await identification of de- 
rived characters or a better understanding of the 
evolution of pigmentation and body shape with- 
in cottid larvae. 

The relationships among species of Clinocottus 
postulated by Bolin (1947) are in close agreement 
with relationships suggested by larval characters. 
Bolin placed C acuticeps in its own subgenus 
because of its unique possession of a modified 
penis with a tri-lobed tip, and a membrane con- 
necting the innermost pelvic fin ray with the ab- 
domen. Bolin also placed C. analis in its own 
subgenus because of the retention of minute 
prickles covering the body. All other members 
of the genus are scaleless. Clinocottus embryum, 
C. globiceps, and C. recalvus were placed in the 
same subgenus because of their large, rounded 
heads and the retention of a pore behind the last 
gill. The latter character is plesiomorphic and, 
hence, of little value for evaluating relationships. 
Bolin (1947:163) described C recalvus and C. 
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globiceps as “two extremely closely related 
species” because of their hemispherical head 
shape, an increased number of cirri on the head, 
and a pair of lateral knobs near the tip of the 
penis. 

Another group of species within the lineage 
having multiple preopercular spines consists of 
Oligocottus maculosus and O. snyderi. They share 
two synapomorphies— a bubble of skin at the 
nape, and dorsal gut bumps. Larval O. rimensis 
and O. rubellio are not yet identified and, there- 
fore, it is not known if these larvae also possess 
the synapomorphic characters binding O. snyderi 
and O. maculosus together. 

Bolin (1934, 1947) defined the genus Oligo- 
cottus on the basis of the following adult char- 
acters: absence of scales; presence of a long, slen- 
der, simple penis; and modification of the anterior 
anal fin rays in males. Only the last character 
appears to be unique to members of this genus. 
As mentioned above, evolution of penes and loss 
of scales have occurred in several diverse cottid 
genera. Bolin placed O. maculosus, O. snyderi, 
and O. rubellio in the same subgenus because of 
the greatly modified anal fin in males, a per- 
manently external penis, and loss of all but lateral 
line scales. He further speculated that O. mac- 
ulosus was the least specialized member of the 
subgenus and O. rubellio was the most special- 
ized. 

Larval O. snyderi possess the derived, auta- 
pomorphic characters of multiple prickles cov- 
ering the parietal and posttemporal regions of 
the head. In addition, larval O. snyderi possess 
an accessory spine at the anterior base of most 
of the main spines on the posterior margin of the 
preopercle. Both of these conditions are unique 
specializations of larval O. snyderi. Clarification 
of relationships of other Oligocottus species must 
await identification of larval O. rimensis and O. 
rubellio. 

Larval characters indicate that while Oligo- 
cottus and Clinocottus are each a monophyletic 
group, they are closely related. Larvae of both 
genera are linked together into a higher-level 
monophyletic unit by the possession of a dis- 
tinctive preopercular spine pattern. 

Taranets (1941) also concluded that Oligocot- 
tus and Clinocottus are closely related. He placed 
both genera in the supragenus Oligocottini be- 
cause of the presence of a penis and the absence 
of bony plates in both groups. 



Artedius fenestralis, A. harringtoni, A. later- 
alis, and A. Type 3 form the third group of larvae 
with multiple preopercular spines. These larvae 
share one synapomorphy, an Artedius-lype pre- 
opercular spine pattern. In addition, larvae of 
this group possess distinctive pigment slashes on 
the ventral midline posterior to the anus and a 
strongly humped appearance in the nape region. 
Known larvae of Oligocottus and Clinocottus do 
not possess either of these characters; however, 
larvae of several species of Icelinus and Myox- 
ocephalus do possess similar pigment slashes on 
the ventral midline. Although these characters 
are not unique to Artedius species, they provide 
additional support for the cohesiveness of this 
group. 

Within the Artedius group, A. fenestralis, A. 
lateralis, and A. Type 3 form a distinct subgroup. 
Larvae of these species share one synapomorphic 
character, dorsal gut diverticula. Characters 
identified in this study do not define relation- 
ships among these three species. Artedius har- 
ringtoni is probably less specialized than the three 
species possessing gut diverticula. Artedius har- 
ringtoni is further distinguished from other Ar- 
tedius larvae by the possession of seven bran- 
chiostegal rays. All other cottid larvae examined 
in this study possess six branchiostegal rays ex- 
cept several laboratory-reared Clinocottus glo- 
biceps. Although seven rays are probably a prim- 
itive character in scorpaeniforms, A. harringtoni 
appears to have secondarily derived this condi- 
tion, since none of the outgroup cottids have 
seven branchiostegal s. 

This grouping of Artedius larvae with multiple 
preopercular spines corresponds to Taranets’s 
(1941) classification. He placed Artedius coral- 
linus, A. fenestralis, A. harringtoni, A. lateralis, 
and A. notospilotus together in the supragenus 
Artediini in the subfamily Oligocottinae. 

Other workers have placed all species of Ar- 
tedius in the same subfamily and genus (Hubbs 
1926; Bolin 1934, 1947; Rosenblatt and Wilkie 
1 963; Howe and Richardson 1 978). Bolin ( 1 947: 
161) included A. creaseri in Artedius because of 
the retention of hemilepidotid-like scales “in 
various degrees of reduction,” large head, an un- 
advanced anus, and “normal structure of the pel- 
vic fins.” 

Artedius meanyi was not reported to occur off 
California at the time of Bolin’s work. Hence, he 
did not include this species in his classification. 
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Rosenblatt and Wilkie (1963) described A. 
meanyi as being extremely similar to A. creaseri 
and placed it in Bolin’s subgenus Ruscariops along 
with A. creaseri. 

Reduction in squamation and number of pel- 
vic fin rays is found in many different cottid 
genera and appears to have evolved separately 
several times. Icelinus, Chitonotus, and Ortho- 
nopias also possess hemilepidotid-like scales in 
various degrees of reduction. Several species of 
Icelinus, Orthonopias, and Chitonotus possess 
large heads and unadvanced anuses. 

Characters of the larvae indicate that Artedius 
creaseri and A. meanyi form a distinct grouping 
separate from the other species of Artedius. Two 
synapomorphic characters, a pointed snout and 
basal preopercular spines provide strong evi- 
dence that A. creaseri, A. meanyi, and Icelinus 
form a monophyletic group. In addition, .4. 
meanyi, A. creaseri, and Icelinus larvae are very 
similar in other pigmentation, morphometric, and 
spination characters, giving further support for 
the cohesiveness of this group. In a phenetic study 
of larval cottids, Richardson (1981) also placed 
A. meanyi in a group with Chitonotus, Parice- 
linus. Triglops, and Icelus. (A. meanyi was mis- 
iden tilled as Icelinus spp. in Richardson’s study. 
See literature section of A. meanyi description.) 
Although her study was based on similarities of 
the larvae and not synapomorphies, it supports 
the grouping of A. meanyi and A. creaseri with 
Icelinus. 

Both phenetic and synapomorphic characters 
of the larvae provide strong evidence that the 
genus Artedius (as defined by Bolin 1934, 1947) 
is not monophyletic and that A. creaseri and ,-1. 
meanyi should be placed separately. Artedius 
meanyi and A. creaseri appear to be more closely 
related to species of Icelinus and other members 
of Richardson’s Group 2 than to other species 
of Artedius. Clarification of relationships among 
A. meanyi and A. creaseri must await a reex- 
amination of characters of adult Artedius. 

Although larvae of the A. meanyi- creaseri 
group and the Artedius-Clinocottus-Oligocottus 
group are distinct from one another, they share 
certain similarities in comparison to other cottid 
larvae. Both groups have similar pigment pat- 
terns, morphology, and meristics, suggesting that 
species of these two groups share a common 
ancestor. Bolin (1947:159) also speculated that 
Icelinus. Chitonotus, Artedius, Clinocottus, and 



Oligocottus constitute a single evolutionary line 
within the Cottidae. He suggested that “certain 
details of the more primitive members, partic- 
ularly the scales, indicate that while these forms 
undoubtedly did not spring from the modem ge- 
nus Hemilepidotus, they shared a common and 
not particularly remote ancestor with the fishes 
of that genus.” Although characters of the larvae 
do not exclude the possibility of a hemilepidotid- 
type ancestor, they do indicate that it would be 
a relatively distant ancestor. Larval Hemilepi- 
dotus differ markedly from larvae of Artedius, 
Clinocottus, Oligocottus, and Icelinus in many 
characters including meristics, morphometries, 
osteology, spination, and pigmentation. It is much 
more likely that the ancestor of this group pos- 
sessed characteristics similar to both the Arte- 
dius-Icelinus group and the Artedius-Clinocot- 
tus-Oligocottus group. Larvae of at least one 
species of Icelinus and several species of Myox- 
ocephalus possess a fifth or sixth accessory pre- 
opercular spine. Larvae of Myoxocephalus also 
possess two distinct patterns of pigment: one type 
is lightly pigmented similar to the two Artedius 
groups, whereas the other has intense bands of 
lateral pigmentation. An ancestor similar to Ice- 
linus or Myoxocephalus may well have given rise 
to Artedius, Clinocottus, Oligocottus, and Iceli- 
nus. This hypothesis is supported by the presence 
of one or two accessory preopercular spines in 
Myoxocephalus larvae. This preopercular spine 
condition appears to be intermediate between 
the primitive pattern of four preopercular spines 
and the derived pattern of multiple preopercular 
spines. Hence, larvae of the ancestor of Artedius, 
Clinocottus, and Oligocottus were probably rel- 
atively lightly pigmented with melanophores 
present on the head, nape, dorsal surface of the 
gut, and along the ventral midline posterior to 
the anus. In addition, the ancestral larvae prob- 
ably possessed four large preopercular spines with 
one accessory spine on the inner preopercular 
shelf, two parietal spines, and three posttempor- 
al-supracleithral spines. 

In summary, the hypotheses of relationships 
between Artedius, Clinocottus, and Oligocottus 
based on larvae characters is in general agree- 
ment with previous classifications based on adult 
characters. Synapomorphic characters of the lar- 
vae provide strong evidence that Clinocottus, 
Oligocottus maculosus, O. snyderi, A.fenestralis, 
.4. harringtoni, A. lateralis, and A. Type 3 form 
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a monophyletic group within the cottids. Within 
this group, the genera Clinocottus and Oligocot- 
tus are very closely related; however, each genus 
appears to be monophyletic. Artedius fenestralis, 
A. harringtoni, A. lateralis, and A. Type 3 also 
form a monophyletic species group closely re- 
lated to Clinocottus and Oligocottus. However, 
synapomorphic characters of the larvae provide 
strong evidence that A. creaseri and A. meanyi 
are more closely related to Icelinus than to species 
of Clinocottus, Oligocottus, and other Artedius. 
The genus Artedius as defined by Bolin (1934, 
1947) does not appear to be monophyletic; A. 
meanyi and A. creaseri should be placed sepa- 
rately. Clarification of the exact position of these 
two species in relation to Icelinus and Myoxo- 
cephalus and the Artedius-Clinocottus-Oligocot- 
tus group must await identification and exami- 
nation of larvae of additional species of cottids 
and reexamination of adult characters. 

Taxonomic Descriptions 

Larvae of Artedius, Clinocottus, and Oligocot- 
tus have been difficult to identify at both the 
specific and generic levels because of their strik- 
ing similarities. Previous descriptions of larvae 
of this group have been inadequate to separate 
larvae at both the specific and generic levels be- 
cause of inaccuracies or insufficient detail. Many 
of the diagnostic characters useful in separating 
these larvae are transient features which are pres- 
ent during only a part of larval development (e.g., 
head spines, nape bubble). Hence, frequently a 
combination of several characters is necessary 
for identification of the larvae. Therefore, to fa- 
cilitate identification, larval descriptions are ar- 
ranged in species groups formed by the shared 
presence of diagnostic characters (Table 3). This 
matrix table is based on a set of characters that 
will allow identification of the early life history 
stages of 13 species of Artedius, Clinocottus, and 
Oligocottus. 

Larvae of Artedius fenestralis, A. harringtoni, 
A. lateralis, A. Type 3, Oligocottus maculosus, 
O. snyderi, Clinocottus acuticeps, C. analis, C. 
embryum, C. globiceps, and C. recalvus (Groups 
A, B, and C) are very similar in morphology, 
pigmentation, and spination. They are all rela- 
tively lightly pigmented with melanophores pres- 
ent on the nape, dorsolateral surface of the gut, 
and in a series on the ventral midline of the tail. 



Presence and amount of head pigmentation var- 
ies within the group. All of these larvae possess 
blunt, rounded snouts, stubby bodies, and a bulg- 
ing gut which trails somewhat below the rest of 
the body. These larvae are readily distinguished 
from all other known cottid larvae by the pres- 
ence of multiple preopercular spines (> 5). 

Larvae in Group A, Artedius fenestralis, A. 
harringtoni, A. lateralis, and A. Type 3, all have 
a distinctively stubby shape, a rounded snout, 
and a humped appearance in the nape region. 
They are further distinguished by a series of ven- 
tral midline melanophores posterior to the anus 
that extend onto the ventral finfold as charac- 
teristic pigment slashes in flexion and postflexion 
larvae. These Artedius larvae possess distinctive 
preopercular spination; postflexion larvae have 
a relatively high number (5: 14) of preopercular 
spines. The dorsalmost, middle, and ventralmost 
spines are larger than the other spines creating 
the “Artedius" spine pattern unique to larvae of 
this group. Characters such as number of pre- 
opercular spines, number of ventral midline me- 
lanophores, size at formation of head pigmen- 
tation, presence of gut diverticula, and number 
of branchiostegal rays distinguish larvae of each 
species of Artedius. 

Larvae in Group B are Oligocottus maculosus 
and O. snyderi. These larvae can be distin- 
guished by the presence of a distinctive bubble 
of skin situated just anterior to the origin of the 
dorsal finfold in preflexion and early flexion lar- 
vae. Larvae of both species are more slender than 
larvae in Groups A and C and have a relatively 
short, compact gut. In contrast to larvae of Group 
A, the dorsalmost preopercular spine becomes 
larger than other spines in flexion and postflexion 
larvae. Characters useful in distinguishing larvae 
of the two species of Oligocottus are number and 
position of ventral midline melanophores, num- 
ber of preopercular spines, number of parietal 
spines or prickles, and presence of melanophores 
on the nape bubble. 

Group C includes Clinocottus acuticeps, C. an- 
alis. C. embryum, and C. globiceps. Larvae of C. 
recalvus, described by Morris (1 95 1), also belong 
to Group C based on morphology. This is the 
least cohesive group in that larvae vary more in 
morphology and pigmentation than in the other 
groups. In general, larvae have a long gut, the 
posteriormost portion of which trails below the 
rest of the body. Larvae of all species except C. 
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Figure 6. Larvae of Artedius feneslratis: A) 3.0 mm NL, B) 3,0 mm NL, C) 4.7 mm NL, D) 6.0 mm NL (from Richardson 
and Washington 1980). 
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embryum have melanistic pigmentation on the 
head and nape. The dorsalmost preopercular 
spine is larger than other preopercular spines in 
postflexion larvae. Characters such as number of 
preopercular spines, number and spacing of ven- 
tral midline melanophores posterior to the anus, 
and presence of hindgut diverticula or bulges are 
useful in separating larvae of each of these Cli- 
nocottus species. 

Group D consists of Artedius creaseri and .*1. 
meanyi. These larvae differ from all other larvae 
oi Artedius, Clinocottus, and Oligocottus species 
listed above in morphology, pigmentation, and 
spination. They have pointed snouts and large 



heads, light pigmentation, and four preopercular 
spines. These characters bind them more closely 
with Icelinus larvae. In addition, A. creaseri and 
A. meanyi larvae are further distinguished by 
large blotch-like melanophores situated along the 
ventral midline posterior to the anus. Snout to 
anus length, meristics, finfold pigmentation, and 
nape pigmentation are useful characters in sep- 
arating larvae of the two species. 

Artedius fenestralis 

(Figures 6-8; Table 4) 

Literature.— Blackburn (1973) illustrated an 
8.5 mm SL larva similar to Artedius fenestralis. 
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Figure 8. Juvenile ofArtedius fenesirahs, 19.1 mm SL. 



which he described as Cottid 4. Eldridge (1970) 
and White (1977) briefly described and illus- 
trated 3.2 mm and 3.9 mm larvae, respectively, 
which are similar to A. fenestralis. These illus- 
trations also closely resemble A. lateralis larvae. 
Richardson and Pearcy (1977) listed these larvae 
as Artedius sp. 2. Richardson and Washington 
(1980) described and illustrated specimens 3.0, 
4.7, 6.0, 7.2, 9.9, and 1 1 .8 mm long as Artedius 
Type 2. 

iDENTincATiON.— Juveniles and adults were 
identified by the following combination of char- 
acters: high dorsal fin ray counts, absence of nasal 
and preorbital cirri, and the presence of scales 
on the head under the entire orbit and in a dense 
patch on the caudal peduncle. The develop- 
mental series was linked together primarily by 
pigmentation, body shape, gut diverticula, and 
preopercular and parietal spination. Identifica- 
tion of larvae was further confirmed through 
comparison with larvae reared from known eggs. 
Postflexion and transforming larvae were linked 
with juveniles using pigmentation, cirri patterns, 
spination, and meristics. 

Distinguishing Features.— A combination 
of characters is useful in distinguishing preflexion 
A. fenestralis larvae including prominent gut di- 
verticula protruding from the dorsal surface of 
the abdominal cavity, melanistic nape pigmen- 
tation, lack of head melanophores, and a series 
of 13-19 ventral midline melanophores poste- 
rior to the anus. 

Late flexion and postflexion larvae are further 
distinguished by the presence of 1 8-22 preoper- 
cular spines with the dorsalmost, middle, and 
ventralmost spines being larger than the others. 
Postflexion larvae also have a cluster of 5 or 6 



spines situated on the posterior margin of each 
parietal bone. 

Juveniles of A. fenestralis are distinguished by 
meristics, dark pigmentation over the dorsolat- 
eral surface of the body, and 13-16 ventral mid- 
line melanophores posterior to the anus. Other 
useful characters include the absence of a nasal 
and preorbital cirrus, the presence of one or two 
small cirri on the eyeball, and two frontoparietal 
cirri. 

Pigmentation.— Newly hatched larval Arte- 
dius fenestralis reared in the laboratory have no 
melanistic pigmentation on the head or nape. 
Intense melanophores are scattered over the dor- 
solateral surface of the gut. These lateral gut 
melanophores are frequently faded and difficult 
to see in field-collected larvae. Posterior to the 
anus, a series of 1 3-19 melanophores originates 
under the third or fourth postanal myomere and 
extends posteriorly along the ventral body mid- 
line. An additional 1 or 2 melanophores extend 
onto the ventral finfold near the notochord tip. 
These ventral midline melanophores are evenly 
spaced approximately one every other myomere. 

During larval development, the head region 
remains unpigmented. Two to four melano- 
phores are added on the nape in larvae 3.4 mm 
long and become embedded in musculature over 
the notochord by ~7 mm. By that size the pos- 
terior half of the series of ventral midline me- 
lanophores appear as distinctive slashes that ex- 
tend onto the ventral finfold. 

During transformation (planktonic specimens 
~ 12-14 mm long) juvenile pigmentation begins 
to develop. Melanophores are added on the dor- 
sal surface of the head, on the tip of the lower 
jaw, and on the pectoral fin base. Gradually, me- 
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Table 4. Body Proportions of Larvae and Juveniles of Artedius fenestraus. A. harringtoni. A. l.iteraus, and A. 
Type 3. Values given are percent standard length (SL) or head length (HL) including mean, standard deviation, and range in 
parentheses. 



Item Anedius fenestralis Artedius harnngtoni Artedius lateralis Artedius Type 3 

Head lengtlr'SL: 



Preflexion 


22.2 ±1.41 (21.1-25.0) 


20.9 


± 


2.30(18.7-22.3) 


20.2 


+ 


2.68 (16.4-22.9) 


21.8 + 


0.92 (20.7-23.2) 


Rexion 


22.1 ± 1.22(20.3-23.3) 


23.1 


± 


3.86 (24.9-27.0) 


23.6 


± 


1.92(19.9-26.1) 


24.6 + 


1.71 (23.3-27.1) 


Postflexion 


26.1 ± 2.85(20.8-29.4) 


29.0 


± 


0.50 (22.4-34.1) 


26.9 


± 


1.89 (24.3-30.8) 


29.0* 




Juvenile 


33.9 ± 2.08 (32.0-34.9) 


33.6 


± 


3.46 (30.4-36.5) 


22.7 


± 


3.21 (19.1-25.3) 




- 


Snout length/HL: 


















Preflexion 


15.1 ± 3.77(10.5-20.0) 


18.9 




5.52(9.9-25.1) 


28.0 


± 


1.83 (25.8-30.1) 


19.8 ± 


3.85 (15.4-24,6) 


Flexion 


20.4 ± 5.96(12.3-26.6) 


23.7 


± 


6.14(18.3-19.1) 


25.2 


± 


1.91 (22.9-29.4) 


23.2 ± 


3.51 (19.2-26.7) 


Postflexion 


21.8 ± 3.57 (17.5-24.5) 


24.2 


± 


4.19(15.8-31.4) 


24.7 


± 


3.77(19.4-30.6) 


29.4* 




Juvenile 


21.6 ± 2.08(19.8-23.2) 


23.1 


± 


1.00 (22.3-24.3) 


23.0 


± 


1.73(18.9-24.7) 




- 


Eye diameter/HL: 


















Preflexion 


39.7 ± 4.32 (33.7-46.9) 


44.7 


± 


4.57(39.7-50.1) 


44.7 


± 


2.87 (40.8-47.1) 


46.7 ± 


6.53 (39.0-57.6) 


Flexion 


41.2 ± 3.42(37.4-46.5) 


40.4 


± 


7.33 (38.4-43.2) 


40.4 


± 


2.88 (37.4-45.5) 


37.1 ± 


2.16(35.3-40.2) 


Postflexion 


36.9 ± 7.10(27.3-52.1) 


32.6 


± 


4.09 (23.2-39,8) 


36.6 


+ 


4.06 (37.9-44.6) 


37.9* 




Juvenile 


29.1 ± 1.00(24.6-27.3) 


31.2 


± 


5.77(29.8-31.2) 


35.3 




5.03 (22.1-24,8) 




- 


Snout to anus 


length/'SL: 


















Preflexion 


45.3 ± 3.59 (41.2-50.8) 


42.0 


± 


3.21 (38.2-48.2) 


40.4 


± 


4.83 (33.3-45.6) 


44.8 ± 


2.76 (41.4-49.8) 


Flexion 


45.9 ± 2.49(44.5-50.1) 


47.3 


± 


8.30 (36.5-55.9) 


42.7 


± 


3.65 (38.2^7.9) 


45.1 + 


2,63 (43.2-48.1) 


Postflexion 


48.4 ± 2.26(42.7-51.4) 


49.9 


+ 


2.67 (45,9-55.4) 


48.4 


± 


2.18(44.4-50.9) 


50.2* 




Juvenile 


49.1 ± 2.00(47.0-51.5) 


47.4 


± 


3.21 (43.1-49.2) 


48.7 


± 


4.04 (44.1-51.2) 




- 


Snout to pelvic fin origin' SL: 


















Preflexion 


- 






- 






- 




- 


Flexion 


25.6 ± 3.21 (20.2-29.8) 






- 






- 


25.3 ± 


4.24 (21.9-27.6) 


Postflexion 


26.1 + 3.21 (20.2-29.8) 


27.8 


± 


1.72 (24.5-30.8) 


28.1 


± 


3.11 (24.9-34.1) 


29.3* 




Juvenile 


30.4 ± 3.51 (26.5-30.1) 


27.4 




2.65(24.1-29.4) 


27.0 


± 


3.61 (23.8-31.0) 




- 


Pelvic fin origin to anus/SL: 


















Preflexion 


- 






- 






- 




- 


Rexion 


22.2 ± 5.35(16.1-27.0) 






- 






- 


23.1 + 


4.95(19.1-26.1) 


Postflexion 


26.1 ± 3.21 (20.2-29.8) 


22.8 


± 


4.68 (17.2-34.8) 


20.1 


± 


4.20(14.4-26.7) 


20.9* 




Juvenile 


18.9 ± 1.15(18.2-20.2) 


19.9 


± 


1.15(18.9-21.3) 


22.3 


± 


2.08(20.3-24.1) 




- 


Body depth at 


pectoral fin base/SL: 


















Preflexion 


21.7 ± 1.81 (19.0-23.8) 


23.7 


± 


2.99 (20.9-29.7) 


23.0 


± 


3.16(17.9-26.3) 


25.9 ± 


1.77 (23.4-28.2) 


Rexion 


28.5 ± 2.70(24.9-30.1) 


28.1 




2.45 (28.0-31.2) 


26.6 


± 


2.33 (24.2-27.1) 


28.2 ± 


1.76(26.3-30.1) 


Postflexion 


28.2 ± 1.82(24.2-32.1) 


30.5 




2.74 (23.4-34.1) 


28.1 


± 


2.29 (24.1-32.2) 


30.0* 




Juvenile 


25.8 ± 1.53(24.4-26.8) 


22.3 


± 


4.15 (24.6-25.2) 


19.7 




3.06(21.9-25.0) 




- 


Body depth at 


anus/SL: 


















Preflexion 


19.0 ± 2.49(14.8-22.2) 


27.8 


± 


2.45 (17.2-27.6) 


20.4 


± 


2.51 (15.8-21.8) 


22.9 ± 


3.28(18.2-27.2) 


Rexion 


24.1 ± 2,59 (23.6-27.1) 


30.4 


± 


3.32(28.1-34.7) 


26.3 


± 


2.29 (24.5-31.3) 


29.1 ± 


2.06 (26.1-31.3) 


Postflexion 


27.9 ± 2.79(21.4-32.8) 


20.9 


± 


5.77 (23.9-34.8) 


26.3 


± 


2.82 (22.4-33.0) 


30.3* 




Juvenile 


21.6 ± 2.65(18.9-24.4) 


28.0 


± 


1.72 (20.8-21.9) 


30.3 


± 


3.51 (17.4-22.8) 




- 


Pectoral fin length/SL: 


















Preflexion 


9.1 ± 0.98(8.2-10.9) 


7.4 


± 


2.34 (4.4-11.1) 


11.0 


± 


1.08 (9.6-12.2) 


10.4 ± 


2.91 (7.1-13.3) 


Rexion 


9,4 ± 0.71 (8.4-10.4) 


12.1 


± 


3.54 (9.9-15.4) 


12.3 


± 


1.98(9.6-15.9) 


11.2 ± 


3.50(7.4-15.1) 


Postflexion 


22.6 ± 6.21 (9.7-29.7) 


24.6 


± 


7.59(10.3-34.6) 


19,8 


± 


4.66(13.3-27.6) 


21.0* 




Juvenile 


26.2 ± 1.53 (27.1-28.4) 


34.1 


± 


3.61 (29.9-36.6) 


30.3 




3.51 (26.8-34.2) 




- 



- = Not present at this stage. 

* = Only one specimen available in this stage. 
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lanophores develop on the anteriormost portion 
of the spinous dorsal fin, then extend ventrally 
as a band of pigment stretching from the fourth 
or fifth dorsal spine to the pigmentation over 
the dorsal surface of the gut just posterior to the 
pectoral fin base. 

Juvenile pigmentation increases markedly in 
newly settled individuals 1 3 mm SL. Numerous 
melanophores are added over the dorsolateral 
surface of the head and become concentrated in 
the parietal-interorbital region. Additional me- 
lanophores extend down onto the snout and lips. 
Laterally, melanophores are added in the cheek 
region between the eye and the preopercle and 
the dorsal portion of the opercle. Several mela- 
nophores are clustered at the posterior edge of 
the lower jaw. The ventral surface of the head 
remains unpigmented. Pigmentation gradually 
extends from the head posteriorly across the dor- 
solateral surface of the body until it fuses with 
bands of pigment reaching from the middle of 
the spinous dorsal fin to the gut. Pigmentation 
increases on the anterior end of the dorsal fin 
creating a dark blotch of pigment across the first 
four dorsal spines. Melanistic pigmentation also 
increases on the pectoral fin base with melano- 
phores extending onto the pectoral fin rays and 
eventually forming several bands of pigmenta- 
tion. Several irregular clusters of melanophores 
appear along the lateral midline and gradually 
form a band of pigment reaching from the gut 
to the caudal peduncle. 

As juvenile pigmentation develops, saddles of 
pigment form along the dorsum in an anterior 
to posterior sequence. The first saddle or band 
of pigment forms under the 4th-7th dorsal fin 
rays. Gradually, melanophores extend ventrally 
from the pigment saddle and merge with the lat- 
eral midline melanophores. Concurrently, a sec- 
ond saddle of pigment forms under the 9th-l 0th 
dorsal fin rays, while a third saddle of pigment 
begins to develop under the 1 3th- 1 5th dorsal fin 
rays. Melanophores from these pigment saddles 
also extend ventrally and fuse with the lateral 
midline pigment. At the same time, melano- 
phores are added on the dorsal fin forming three 
to four bands. Melanophores extend ventrally 
from the lateral midline band and form a series 
of five to eight scallops which reach just below 
the lateral midline. The rest of the ventrolateral 
surface of the body remains characteristically un- 
pigmented until juveniles reach about 1 9-20 mm. 
As the dorsal pigment saddles are forming, the 



lateral midline melanophores extend posteriorly 
to the base of the caudal fin where they form a 
dark band. Gradually, melanophores extend onto 
the caudal fin rays forming three or five indistinct 
bands of pigment. Approximately 13-16 ventral 
midline melanophores remain visible in juve- 
niles up to ~20 mm long. 

Morphology.— Larvae oi Art edius fenestralis 
hatch at ~3.5-3.8 mm NL. Flexion of the no- 
tochord occurs between 5.9 and 6.8 mm NL. The 
largest planktonic larva collected is 1 3.9 mm and 
is beginning to undergo transformation. The 
smallest benthic juvenile examined is 13.1 mm. 
Thirty-four selected specimens, 3.2-21.2 mm, 
were examined for developmental morphology. 

Larval A. fenestralis have stubby bodies with 
a humped appearance in the nape region. Dis- 
tinctive diverticula extend dorsolaterally from 
the dorsal surface of the gut just posterior to the 
origin of the pectoral fin base. These diverticula 
are present in newly hatched larvae and remain 
prominent in the largest planktonic larvae. The 
diverticula completely disappear in benthic ju- 
veniles shortly after settling. The gut itself is 
moderately long and the posterior portion of the 
hindgut trails well below the rest of the body. 
Snout to anus length increases from 43% to 45% 
SL during larval development, then increases to 
49% SL in benthic juveniles. Artedius fenestralis 
larvae have a short, rounded snout with snout 
length increasing from 1 5% HL in preflexion lar- 
vae to 23% HL in postflexion larvae and juve- 
niles. 

Fin Development.— Caudal fin rays begin to 
form at ~6 mm. The adult complement of prin- 
cipal caudal rays is present in larvae ~7 mm 
long. The bases of the dorsal and anal fin rays 
appear in 7-7.5 mm larvae. The full complement 
of fin rays is formed by -8.5-9 mm. Dorsal fin 
spines begin to form at ~8 mm, and the full 
complement of spines (VlII-IX) is present by 
-9.5 mm. Although pectoral fin rays are visible 
by -7 mm, the adult complement (14-16) is not 
formed until -9 mm. Pelvic buds form between 
6.5 and 7 mm and the adult complement of 1,3 
pelvic fin rays is formed in larvae - 10 mm long. 

Spination.— Seven to 13 tiny spines begin to 
form along the posterior margin of the preopercle 
in larvae -4.7 mm NL. The preopercle appears 
to develop in two arc-shaped sections, which 
overlap slightly at the angle of the preopercle. 
Three to 7 spines are present along the dorsal- 
most section and 6-8 spines occur on the lower 
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section. The two sections fuse together in post- 
flexion 7 mm long. Two spines located at the site 
of fusion begin to increase in length relative to 
the other preopercular spines. Concurrently, the 
preopercular spines increase in number during 
larval development and range between 18 and 



21 in larvae >8 mm long. The dorsalmost and 
middle two spines continue to increase in size 
relative to the other spines, becoming nearly three 
times as long. The ventralmost 2 or 3 spines also 
increase in size, becoming 1.5 to 2 times as long 
as the other spines. The number of preopercular 
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spines decreases in transforming larvae > 1 3 mm 
long. The smaller spines (4-6, 8-10, and 1 3-1 5) 
begin to regress first. Newly settled juveniles pos- 
sess one large dorsal preopercular spine. The low- 
er spines are visible only as serration, or bumps, 
on the preopercular margin. The dorsalmost spine 
continues to increase in size while the lower 
bumps eventually disappear in juveniles ~ 1 9 mm 
long. 

Clusters of spines also develop in the parietal 
and supracleithral-posttemporal regions. One or 
two spines form at the posterior end of the pa- 
rietal in larvae ~6 or 7 mm long. A third spine 
is added in 7-8-mm larvae. Larvae >8 mm have 
four to six spines located in two rows on each 
side of the head. Usually, three spines occur in 
the anterior row while two or three spines are 
present in a second row posterior to and parallel 
to the first row. These spines begin to regress in 
size in transforming larvae >12-13 mm long. 
The anterior spines curve posteriorly, eventually 
fusing with spines from the posterior row form- 
ing a hollow arch and canal. This canal develops 
into part of the cranial lateral line system in ju- 
veniles ~14-15 mm long. 

Two small spines develop on the ventral por- 
tion of the posttemporal in larvae 6-7 mm long. 
A third spine is added on the posttemporal in 
larvae > 8 mm long. Concurrently, another spine 
develops on the dorsal tip of the supracleithrum. 
These spines remain prominent in planktonic 
larvae <12 mm long; however, in transforming 
juveniles the spines gradually curve dorsally and 
ventrally and fuse together forming a bony tube 
or canal. This canal becomes the anteriormost 
juncture of the lateral line and cephalic lateral 
line systems in juveniles. 

Artedius harringtoni 

(Figures 9-1 1; Table 4) 

Literature.— Blackburn (1973) described a 
4.6 mm larva that he called Cottid 6 that is sim- 
ilar to A. harringtoni. Richardson and Washing- 
ton (1980) illustrated and described specimens 
3.0, 4.7, 6.9, 7.3, 9.3, and 13.6 mm long. 

iDENTtncATioN.— Juveniles and adults were 
identified primarily on the basis of the following 
characters: high dorsal fin ray counts (16-18), 
low pectoral fin ray counts (usually 1 4), presence 
of seven branchiostegals, presence of a preorbital 
cirrus, scales extending onto the head under only 
the posterior portion of the orbit, and scales ab- 



sent on the snout. The developmental series of 
larvae was linked together by pigmentation, pre- 
opercular spination, absence of gut diverticula, 
body shape, and the possession of seven bran- 
chiostegals. Postflexion and transforming larvae 
were linked with juveniles primarily on the basis 
of pigmentation, meristics, and presence of a 
preorbital cirrus. 

Distinguishing Features.— Characters use- 
ful in distinguishing small larval A. harringtoni 
are a combination of presence of melanistic nape 
pigment, lack of head pigmentation, a series of 
21-33 pigment slashes along the ventral midline 
of the tail, and a humped appearance in the nape 
region. Absence of dorsal gut diverticula distin- 
guishes larval A. harringtoni from similarly pig- 
mented larvae of .4. lateralis, A. fenestralis, and 
A. Type 3. 

Postflexion larvae 6.5 mm are distinguished 
by the presence of 1 8-22 spines along the pos- 
terior margin of the preopercle. The dorsalmost 
and middle preopercular spines are characteris- 
tically larger than the other spines. Larvae >7 
mm have seven branchiostegal rays. Larvae of 
all other species of Artedius have only six bran- 
chiostegal rays. 

Juvenile A. harringtoni may be recognized by 
the dark pigmentation over the head and nape, 
possession of seven branchiostegals, retention of 
1 8-22 ventral midline melanophores, possession 
of a preorbital cirrus, and dorsal and pectoral fin 
ray counts. 

Pigmentation.— Preflexion larvae have no 
melanistic pigmentation on the head; however, 
3-5 small, external melanophores are concen- 
trated in a dense patch on the nape. The dor- 
solateral surface of the gut is covered with nu- 
merous large, intense melanophores. One to 8 
tiny melanophores encircle the anus. Posterior 
to the anus, the only pigmentation consists of a 
series of 23-33 melanophores positioned along 
the ventral midline. This series originates under 
the first to third postanal myomere and extends 
posteriorly toward the tail tip with 1 or 2 me- 
lanophores positioned under each myomere. An 
additional 1 to 3 melanophores frequently occur 
on the caudal finfold near the tail tip. 

During larval development the head region re- 
mains unpigmented. The nape melanophores be- 
come embedded in the musculature over the no- 
tochord in larvae >7 mm. Concurrently, the 
number of ventral midline melanophores de- 
creases to between 21 and 30, and the posterior 
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half of the series appears as characteristic pig- 
ment slashes that extend onto the ventral finfold. 

During transformation, planktonic larvae > 10 
mm begin to develop juvenile pigmentation. Me- 
lanophores are added on the tip and base of the 
lower jaw, on the cheek between the eye and the 
dorsalmost preopercular spine, on the opercu- 
lum, and on the isthmus. 

Pigmentation increases markedly over the head 



in newly settled benthic juveniles. Melanophores 
develop on the snout and upper lip and on the 
dorsal surface of the head over the brain. Me- 
lanophores gradually extend posteriorly from the 
head and eventually join with the nape pigmen- 
tation. Concurrently, melanophores extend pos- 
teroventrally from the posttemporal region to- 
ward the dorsal gut pigment. Numerous large 
melanophores form over the base of the pectoral 
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Figure 11. Juvenile of Ariedius harringtoni, 13.9 mm SL. 



fin, and subsequently extend onto the pectoral 
fin rays forming four or five distinct pigment 
bands across the fin. A band of melanophores 
also extends ventrally from the pectoral fin base 
and covers the isthmus. 

In juveniles >13 mm long, the entire head is 
heavily pigmented. Melanophores extend pos- 
teriorly from the head to a vertical line under the 
seventh dorsal fin spine. A dense patch of me- 
lanophores develops at the anterior end of the 
spinous dorsal fin forming a dark blotch across 
the fin membrane between the first four dorsal 
spines. Scattered melanophores are added along 
the rest of the dorsal fin eventually forming three 
or four bands of pigment. 

Posterior to the head, pigmentation is added 
in three saddles along the dorsum. The first sad- 
dle of pigment forms under the 2nd-4th dorsal 
fin rays, the second saddle forms under the 7th- 
10th dorsal fin rays, and the third forms under 
the 1 3th- 1 5th fin rays. Concurrently, an irregular 
band of faint melanophores develops along the 
lateral midline. This lateral pigmentation grad- 
ually extends posteriorly from the abdominal re- 
gion to the caudal peduncle. As development 
proceeds, bands of melanophores extend ven- 
trally from each of the saddles on the dorsum 
and merge with the lateral midline pigment. As 
a result, the dorsolateral surface of the tail is 
covered by bands of pigmentation, which enclose 
small unpigmented saddles and circles creating 
a characteristic pattern. 

Subsequently, groups of melanophores extend 
ventrally from the lateral midline pigmentation 
creating a scalloped edge of pigment along the 
ventrolateral body surface. Eventually, melano- 
phores from the tips of each scallop extend lat- 
erally and join together enclosing four to six dis- 
tinctive unpigmented circles, characteristic of 
juvenile A. harringtoni. 



In late stages of juvenile pigmentation, the lat- 
eral band of melanophores extends posteriorly 
to the base of the caudal fin. Melanophores are 
added on the caudal fin rays forming five to seven 
bands of pigmentation. 

Between 18 and 21 ventral midline melano- 
phores remain visible in juveniles < 1 5 mm. 

Morphology.— The smallest A. harringtoni 
larva from plankton collections is 3.0 mm NL 
and still retains remnants of its yolk. Larvae 
undergo flexion of the notochord between 5.2 
and 6.4 mm NL. The largest planktonic larva 
examined is 13.6 mm long and beginnning to 
undergo transformation. The smallest benthic 
juvenile collected in tidepools is 12.9 mm and 
is just beginning to develop juvenile pigmenta- 
tion on the head and pectoral fin base. Thirty- 
five selected specimens, 3.0-13.7 mm, were ex- 
amined for morphometries. 

Larvae of A. harringtoni are stubby with a dis- 
tinctive humped appearance in the nape region. 
Unlike larval A. fenestralis, A. lateralis, and A. 
Type 3, larval A. harringtoni have no dorsal gut 
diverticula. The gut is moderately long with snout 
to anus length ranging from 42% in preflexion 
larvae to 50% SL in postflexion larvae. Relative 
snout to anus length decreases slightly in benthic 
juveniles. The hindgut appears to trail below the 
rest of the body. Relative body depth at the pec- 
toral fin base increases from 23% in preflexion 
larvae to 30% in flexion and postflexion larvae. 

Artedius harringtoni have blunt heads and 
rounded snouts. Head length increases relative 
to body length during development, averaging 
21% in preflexion larvae, and 34% SL in juve- 
niles. Snout length increases from 1 9% to 22% 
HL during larval development. 

Fin Development.— a thickening in the hy- 
pural region of the developing caudal fin is first 
visible at 4.7 mm NL, just prior to the onset of 
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notochord flexion which occurs at ~5.2 mm NL. 
Caudal fin rays begin to form in larvae ~6 mm; 
however, the adult complement of principal cau- 
dal rays is not complete until larvae reach ~7 
mm long. 

Bases of the dorsal and anal fin rays form in 
larvae ~6-7 mm long. Dorsal spines begin to 
form in larvae ~7-8 mm long. The adult com- 
plement of dorsal and anal fin rays is complete 
at 9.3 mm. Pectoral fin rays are first visible be- 
tween 6 and 7 mm, and the adult complement 
(13-15) is countable at ~7.5 mm. The pelvic fin 
bud begins to form at ~7.1 mm, and the adult 
complement of 1,3 is complete by ~10 mm. 

Spination.— Eight to ten tiny spines begin to 
form along the posterior margin of the preopercle 
in larvae ~-4.5 mm NL. The number of spines 
increases to 1 8-22 in flexion and postflexion lar- 
vae. By the end of flexion, ~6.7 mm, the middle 
two spines (7-9) begin to increase in size relative 
to the other preopercular spines. In larvae >7.5 
mm, the dorsalmost two or three spines also in- 
crease in size relative to other spines. As devel- 
opment proceeds, the dorsalmost and middle 
spines increase in length and diameter creating 
a characteristic pattern with small, inconspic- 
uous spines situated between the dorsalmost and 
middle spines, and ventral to the middle spines. 
In larvae >8.5 mm, the ventralmost four or five 
spines also become somewhat larger than the 
spines directly above them. When larvae reach 
~ 10-11 mm SL, the preopercular spines begin 
to regress with the small, inconspicuous spines 
disappearing first. At the onset of transformation 
(-12-13 mm) only four spines remain in the 
approximate position of the original spines (1- 
2, 4-9, 12-14, and 18-22). In newly settled ju- 
veniles, the dorsalmost preopercular spine be- 
comes quite long and stout while the lower three 
spines gradually become smaller and visible only 
as slight bumps on the margin of the preopercle. 

Spines never develop in the parietal and post- 
temporal region of the head. However, in cleared 
and stained larvae, bony thickenings are visible 
in the parietal region at the same position as 
parietal spines found in other cottid larvae. 

Artedius lateralis 

(Figures 12, 13; Table 4) 

Literature.— Budd (1940) described and il- 
lustrated a newly hatched larva of A. lateralis 4. 1 
mm TL. Marliave (1975) described larvae of A. 
lateralis and illustrated specimens 4 mm TL, 8 
mm TL, 1 1 mm TL, and 14 mm TL long. 



Identihcation. —Small larval A. lateralis were 
reared from eggs spawned from known adults. 
Juveniles and adults were identified using the 
following characters: pigmentation, absence of 
scales on the head and caudal peduncle, absence 
of nasal and preorbital cirri, and the presence of 
3-1 1 scales in the longest row in the dorsal scale 
band. The developmental series was linked to- 
gether primarily on the basis of pigmentation, 
preopercular spination, presence of gut divertic- 
ula, and body shape. Postflexion and transform- 
ing larvae were linked to juveniles by pigmen- 
tation, cirri patterns, spination, and meristics. 

Distinguishing Features.— Characters use- 
ful in distinguishing preflexion larvae of Artedius 
lateralis are prominent diverticula which extend 
dorsolaterally from the dorsal surface of the gut 
just posterior to the pectoral fin bases, the lack 
of head and nape pigment in larvae <6 mm NL, 
and a series of 22-32 melanophores that lie along 
the ventral midline posterior to the anus. The 
anterior half of the series is characterized by one 
large melanophore per myomere while the pos- 
terior half of the series consists of two or three 
smaller pigment slashes per myomere. 

Postflexion larvae of A. lateralis >6.2 mm 
can be distinguished from other Artedius larvae 
by melanistic pigmentation over the brain. Ju- 
venile A. lateralis are distinguished by two dark 
bars of melanophores extending ventrally from 
the dorsal fins across the lateral surface of the 
body trunk, the series of 1 1-21 ventral midline 
melanophores, and meristics. 

Pigmentation.— Newly hatched larvae of A. 
lateralis have no melanistic pigmentation on the 
head or nape. Dense, round melanophores are 
concentrated over the dorsolateral surface of the 
gut and extend dorsally onto the gut diverticula. 
A cluster of 4 to 6 small melanophores sur- 
rounds the anus. Posterior to the anus, a series 
of 22-32 melanophores lies along the ventral 
midline of the body. These melanophores orig- 
inate under the third or fourth postanal myomere 
and extend posteriorly toward the tail tip where 
several additional melanophores extend onto the 
caudal finfold. Melanophores in the anterior half 
of this series are relatively large and spaced one 
per myomere. The posteriormost melanophores 
appear as small pigment slashes, which extend 
onto the ventral finfold and are closely spaced 
two or three to every myomere. 

During larval development, melanophores 
form on the dorsal surface of the head in larvae 
>6.3 mm. Two to five melanophores also form 
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Figure 12. Larvae of Artedius lateralis: A) 4.6 mm NL, B) 6.4 mm SL, C) 7.1 mm SL. 



at the base of the cleithrum and along the ventral 
midline of the gut in larvae >5.2 mm. These 
melanophores are arranged in a characteristic T 
shape with two melanophores positioned as hor- 
izontal slashes at the base of the cleithrum and 
one to three melanophores extending posteriorly 
along the ventral midline of the gut. 

During transformation, in planktonic larvae 
>8 mm, melanistic pigmentation increases 
markedly on the dorsal surface of the head with 
33-44 dark melanophores covering the brain. 
Melanophores also form just posterior to the 
lower jaw, on the cheek between the eye and the 
preopercle and on the operculum. Ventral mid- 



line melanophores remain unchanged in number 
and spacing. 

Pigmentation increases markedly in newly set- 
tled juveniles > 10 mm long. Dark melanophores 
form on the dorsolateral surfaces of the head and 
extend anteriorly onto the snout and upper and 
lower lips. Several melanophores are added to 
the gular region beneath the lower jaw. Intense 
pigment forms on the bases of the pectoral fins 
and several large melanophores extend onto the 
pectoral fin rays. Gradually, melanophores from 
the base of the pectoral fin extend ventrally form- 
ing a band of pigment across the isthmus. With 
development, pigmentation increases on the head 
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Figure 13. Young ofArtedius lateralis: A) 9.1 mm SL, B) 13.3 mm SL. 



SO that in larvae > 1 2 mm SL, the entire head is 
darkly pigmented. 

Shortly after settling, in larvae between 1 0 and 
1 1 mm, a patch of melanophores is added to the 
dorsal fin between the fourth and sixth spines. 
These melanophores extend ventrally across the 
dorsum toward the pigmentation on the pectoral 
fin base. A second band of melanophores forms 
on the second dorsal fin membrane between the 
2nd and 4th fin rays. Gradually this band extends 
anteroventrally below the lateral midline. With 
development, the two vertical bands of pigment 
become very dark and intense. Melanophores 
from these bands extend dorsally across the dor- 
sal fins. Concurrently, three saddles of faint me- 
lanophores are added posteriorly along the dor- 
sum. The first saddle of pigment forms under the 
8th-10th dorsal fin rays, the second saddle is 
added under the 1 2th-l 5th fin rays, and the third 
saddle forms on the dorsal surface of the caudal 
peduncle. Gradually, melanophores from these 
pigmented saddles extend ventrolaterally and join 
together forming a band along the lateral mid- 
line. Lateral pigmentation extends posteriorly and 
forms a band along the base of the caudal fin. 
Melanophores extend onto the caudal fin rays. 



gradually forming two or four distinct bands 
across the caudal fin. Ventral midline melano- 
phores decrease in number in juveniles from 1 1 
to 2 1 . These melanophores remain visible in ju- 
veniles <15 mm long. 

Morphology,— lateralis larvae are 
3.9-4. 5 mm long at hatching. Flexion of the no- 
tochord occurs between 5.0 and 6.3 mm NL. The 
largest planktonic specimen observed is 9.2 mm 
and beginning to develop juvenile pigmentation. 
A. lateralis settle at a relatively small size, ~9.5 
to 10.5 mm. Thirty-three specimens (4.1-12.1 
mm) were examined for developmental mor- 
phometries. 

Larvae of A. lateralis are rather stubby with a 
moderately short gut. Snout to anus length av- 
erages 40% in preflexion larvae, then increases 
to 48% SL in postflexion larvae and juveniles. 
Pronounced diverticula extend dorsally from each 
side of the gut just posterior to the pectoral fin 
base. The diverticula are present in newly hatched 
larvae and remain prominent throughout larval 
development. Tiny remnants of the diverticula 
are present in newly settled juveniles between 9 
and 10.5 mm long. 

Larvae of A. lateralis have a long rounded snout 
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relative to other Artedius Group A larvae. Snout 
length decreases from 28% to 24% HL during 
larval development. 

Fin Development.— The notochord begins to 
flex in larvae ~5 mm long, and is fully flexed in 
larvae between 5.7 and 6.3 mm. Caudal rays 
begin to form during flexion in larvae ~5.5 mm; 
however, the adult complement of 6 + 6 prin- 
cipal caudal rays is not complete until ~6 mm. 
Bases of the dorsal and anal fins are first visible 
in larvae between 6 and 6.5 mm and the adult 
complement of dorsal (15-17) and anal (12-14) 
rays is complete by about 7.5-8 mm. 

Pectoral fin rays begin to form between 7 and 
8 mm, but the full complement of rays (14-16) 
is not formed until larvae are ~8 mm long. Pel- 
vic fin buds are first visible in a 7.4 mm larva; 
however, the fin rays are not countable until 9 
mm. 

Spination.— In preflexion larvae ~4.5 mm NL 
8-9 tiny spines are visible on the posterior mar- 
gin of the preopercle. As larvae undergo flexion 
of the notochord, the number of preopercular 
spines increases to 9-14. By the end of flexion, 
larval A. lateralis have 14-16 preopercular spines. 
In larvae >7 mm, the dorsalmost and middle 
(spines 6-9 from the top of the preopercle) be- 
come slightly longer than the other preopercular 
spines. These spines never become more than 
1.5 times larger than the other preopercular 
spines, in contrast to the situation in larvae of 
A. harringtoni, A. fenestralis, and A. Type 3 in 
which the dorsalmost and middle preopercular 
spines may be nearly 2.5 times larger than the 
other spines. Preopercular spines begin to regress 
in transforming specimens >9 mm. The dorsal- 
most spine increases in size while the lower spines 
(4-6 and 9-12) decrease in size becoming visible 
only as small serrations or irregularities on the 
preopercular margin. Spines 7-8, 1 2-1 3, and 1 6- 
1 8 fuse together to form blunt bumps along the 
preopercular margin. In juveniles > 1 3 mm, only 
the large, dorsalmost spine remains. Transform- 
ing larvae reared in the laboratory possess 4-5 
small spines at the posterior margin of the pa- 
rietals. These spines are not present in planktonic 
larvae from field collections, nor are they visible 
in newly settled juveniles from tidepools. 

Artedius Type 3 
(Figures 14, 15; Table 4) 

Literature.— Larvae oi Artedius Type 3 have 
not been previously described. 



iDENTincATiON.— Only a partial size series 
(1.9-1. 6 mm) of Artedius Type 3 larvae are avail- 
able, all from California collections. The pres- 
ence of prominent gut diverticula and the char- 
acteristic y4r?^fi(/u5-type preopercular spine pattern 
(dorsalmost, middle, and ventralmost spines 
larger than the others) identifies this larval type 
as an Artedius. Larvae remain unknown for only 
two species of Artedius, A. corallinus and A. no- 
tospilotus. Meristics of the largest larva of ^4r- 
tedius Type 3 coincide with those recorded for 
both^. corallinus and A. notospilotus. However, 
pectoral counts fit those of A. notospilotus most 
closely. The 7.6 mm larval A. Type 3 possesses 
16 pectoral fin rays. Ninety % of the A. noto- 
spilotus examined by Howe and Richardson 
(1978) possessed 16 pectoral fin rays while only 
1 0% of A. corallinus specimens possessed 1 6 pec- 
toral fin rays. 

Pigmentation along the ventral midline pos- 
terior to the anus of .4. Type 3 larvae (9-13 widely 
spaced melanophores) coincides most closely with 
that of juvenile A. corallinus. Several A. coral- 
linus 13.5-14 mm long, possess 3-6 widely 
spaced ventral midline melanophores. In con- 
trast, a 16-mm juvenile A. notospilotus posstssts 
24 ventral midline melanophores spaced one 
every one or two myomeres. 

Adult A. corallinus are common in the inter- 
tidal areas of the southern California coast where 
Artedius'Iypt 3 larvae were collected (Miller and 
Lea 1972). Artedius notospilotus adults are rare 
in the same area. 

Additional larger specimens are needed before 
larvae oi Artedius Type 3 can be specifically iden- 
tified. 

Distinguishing Features.— Type 3 
larvae are distinguished as an Artedius by the 
distinctive diverticula that extend dorsolaterally 
from the dorsal surface of the gut just posterior 
to the pectoral fin base. Artedius Type 3 larvae 
are distinguished from small larvae of A. fenes- 
tralis, which possess similar diverticula, by the 
low number (9-1 3) of ventral midline melano- 
phores posterior to the anus. Other characters 
useful in distinguishing small A. Type 3 larvae 
are absence of head pigmentation and presence 
of a cluster of 2-4 melanophores in the nape 
region. Preopercular spines begin to form in lar- 
vae <4.1 mm NL. Preopercular spines do not 
form in other Artedius larvae with multiple pre- 
opercular spines until ~4.5 mm NL. Flexion and 
postflexion larval Artedius Type 3 possess 21- 
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24 preopercular spines, more than other larval 
Artedius (groups A and D), all of which have <21 
preopercular spines. 

Pigmentation.— Small preflexion larvae of 
Artedius Type 3 possess no melanistic head pig- 
mentation. Two to four small external melano- 
phores are clustered on the surface of the nape. 
Numerous dark, rounded melanophores are con- 
centrated over the dorsolateral surface of the gut 



and extend dorsally onto the gut diverticula. One 
to four small melanophores are clustered around 
the anus. 

Posterior to the abdominal cavity, the only 
pigmentation consists of a series of 9-13 mela- 
nophores located along the ventral midline. This 
series of melanophores originates under the third 
to fourth postanal myomere and extends poste- 
riorly toward the tail tip. Each melanophore is 
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Figure 15. Larvae oiArtedius Type 3: A) 6.8 mm SL, B) 7.3 mm SL. 



spaced approximately two to three myomeres 
apart. An additional one to five pigment slashes 
extend onto the caudal finfold near the tail tip. 

Pigmentation changes little during larval de- 
velopment. Melanophores are added in the nape 
region and become embedded in the musculature 
over the notochord in larvae <5.5 mm. Mela- 
nophores are also added in the isthmus region 
and along the ventral midline of the gut. 

Morphology.— The smallest larval Artedius 
Type 3 is 2.9 mm NL and possesses remnants 
of the yolksac. Larvae undergo flexion of the no- 
tochord between 5.6 and 6.9 mm NL. The largest 
specimen examined is 7.6 mm long and has re- 
cently completed notochord flexion. Size at 
transformation is unknown. Thirteen larvae (2.9- 
7.6 mm long) were examined for developmental 
morphology. 

Larvae of Artedius Type 3 are rather stubby 
with a moderately long gut; the posteriormost 
portion of this gut trails somewhat below the rest 
of the body. A prominent diverticulum extends 
dorsally from each side of the gut just posterior 
to the base of the pectoral fin. Diverticula are 
present in the smallest larva examined (2.9 mm 



NL) and remain pronounced in the largest spec- 
imen. 

Snout to anus length averages 45% SL in both 
preflexion and flexion larvae. Body depth at the 
pectoral fin base increases during development 
from 26% in preflexion larvae, to 28% in flexion 
larvae, and 32% SL in the single postflexion 
larva. Relative body depth at the anus also in- 
creases with development, from 23 to 30% SL. 
The distances from the snout to the origin of the 
pelvic fins and from the origin of the pelvic fins 
to the anus averages 26 and 22% SL, respectively, 
in late flexion and early postflexion larvae. 

Artedius Type 3 larvae have a rather large head 
with a blunt, rounded snout. With development 
relative head length increases from an average 
of 22% in preflexion larvae to 25% in larvae 
undergoing flexion of the notochord, and 29% 
SL in the postflexion larva. Jaw length averages 
about 43% HL throughout early larval devel- 
opment. In contrast, eye diameter decreases dm- 
ing development from an average of 47% in pre- 
flexion larvae to 37% HL in flexion and early 
postflexion larvae. 

Fin Development.— a 4.9-mm NL larva ex- 
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hibits a slight thickening of the hypural region 
of the forming caudal fin. By 5.6 mm, the no- 
tochord of larval A. Type 3 is strongly flexed and 
caudal rays are beginning to form. Notochord 
flexion is nearly complete by ~7 mm and the 
adult complement (6 -I- 6) of principal caudal rays 
is countable. 

The dorsal and anal fin bases are first visible 
in larvae between 6.8 and 6.9 mm long. In the 
largest specimen examined, 7.6 mm, the adult 
complement of dorsal spines (IX), dorsal rays 
(13-15), and anal fin rays (1 2) is complete. Pec- 
toral fin rays begin to form in a larva 6.8 mm 
NL, and 1 6 pectoral fin rays are countable in a 
larva 7.6 mm. Pelvic fin buds are first visible at 
~6.8 mm NL; however, pelvic fin rays are not 
yet formed in the largest specimen. 

Spination.— Preopercular spines begin to form 
in small preflexion larvae of A. Type 3 at ~4.1 
mm NL. A series of 1 5-1 7 tiny, equal -sized spines 
is visible along the posterior margin of the pre- 
opercle in preflexion larvae between 4.1 and 5 
mm NL. During development, preopercular 
spines increase in number ranging from 21 to 24 
in flexion and early postflexion larvae. 

In late flexion larvae (~ 6. 8-6.9 mm NL) the 
middle 2 or 3 preopercular spines (the 8th-l 1th 
spine from the dorsal margin of the preopercle) 
begin to increase in size relative to other pre- 
opercular spines. In the 7.6-mm larva, the dor- 
salmost and ventralmost 1 or 2 spines are also 
larger than other preopercular spines. This forms 
the characteristic preopercular spine pattern 
found in Artedius larvae with multiple preoper- 
cular spines: the dorsalmost, middle, and ven- 
tralmost spines are markedly larger than the oth- 
er preopercular spines. 

No other spines develop on the head in larvae 
<7.6 mm. Head spination in larger larvae re- 
mains unknown. 

Oligocottus maculosus 
(Figures 16, 17; Table 5) 

Literature.— Stein (1972, 1 973) described O. 
maculosus larvae and illustrated specimens 4.6, 
6.0, 6.6, and 9.2 mm TL. 

iDENTincATioN.— Larvae in this series were 
reared from eggs spawned from known adults. 
Adults and juveniles were identified by the fol- 
lowing combination of characters: high vertebral 
(33-34) and dorsal fin ray (15-18) counts, small 
size at transformation (8-9 mm), absence of cirri 



on the nasal spines and along the base of the 
dorsal fins, and pigmentation. The develop- 
mental series was linked together primarily on 
the basis of pigmentation, preopercular and pa- 
rietal spination, and body shape. Postflexion and 
transforming larvae were linked to juveniles by 
the serial method utilizing pigmentation, spi- 
nation, and size at transformation. 

Distinguishing Features.— Newly hatched 
larvae of O. maculosus reared in the laboratory 
are distinguished by the following pigmentation 
characters: intense melanistic nape pigment, dark 
dendritic melanophores that extend onto a 
prominent bubble of skin in the nape region just 
anterior to the origin of the dorsal finfold, 1 or 
2 melanophores situated anteriorly on the vis- 
ceral mass beneath the pectoral fins, and a series 
of 18-36 ventral midline melanophores poste- 
rior to the anus. In addition to distinctive pig- 
mentation, larvae possess two rounded humps 
or protrusions that extend dorsally on either side 
of the gut just posterior to the pectoral fin bases. 
These protrusions are similarly positioned and 
reminiscent of the gut diverticula found in larvae 
of Artedius; however, they never develop into 
distinct diverticula. These protrusions disappear 
at the completion of yolk absorption about five 
to ten days after hatching. Oligocottus maculosus 
larvae also possess a distinctive bubble of skin 
in the nape region just anterior to the origin of 
the dorsal finfold. This bubble persists in larvae 
up to 7.5 mm SL. 

Flexion and postflexion larvae >6.5 mm pos- 
sess a relatively low number of preopercular 
spines (9-13). 

Postflexion larvae and juveniles may be dis- 
tinguished by meristics, especially the high ver- 
tebral and dorsal fin ray counts, and the small 
size at transformation (8-9 mm SL). In addition, 
juveniles possess a slender postorbital cirrus and 
two frontoparietal cirri. 

Pigmentation.— Newly hatched larvae of O. 
maculosus possess no melanistic head pigmen- 
tation. Fourteen to 16 intense, stellate melano- 
phores are concentrated in the nape region. One 
to 3 dendritic melanophores extend anteriorly 
from the nape pigment patch onto a prominent 
elevation or bubble of skin located just anterior 
to the origin of the dorsal finfold. In live larvae, 
xanthophores cover the bubble of skin and the 
nape. Three to 4 dendritic, embedded melano- 
phores are positioned in the otic capsule. 

The dorsal surface of the gut is darkly pig- 
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merited with 100-150 dark melanophores. Two 
to 4 pale, dendritic melanophores are located 
along the anteroventral margin of the gut, just 
beneath the pectoral fins. These melanophores 
are frequently embedded in the gut musculature 
and are difficult to see. One to 5 small melano- 
phores are clustered around the anus. 

Posterior to the anus, larvae of O. maculosus 
possess a relatively high number of ventral mid- 
line melanophores. The actual number of me- 
lanophores appears to vary with the geographic 
location at which the larvae were collected. Stein 
(1973) recorded between 1 1 and 20 ventral mid- 
line melanophores in his reared larvae, while lar- 
vae reared in Oregon possessed between 1 6 and 
20 melanophores along the ventral midline. J. B. 
Marliave (Vancouver Public Aquarium, Van- 



couver, B.C., Canada, pers. comm.) found be- 
tween 26 and 36 ventral midline melanophores 
in reared larvae from the Straits of Georgia in 
British Columbia. Regardless of the number of 
melanophores, this series begins under the third 
or fourth myomere posterior to the anus and 
extends toward the tail tip. The first four mela- 
nophores in the series are usually spaced one 
every two to three myomeres, while the remain- 
der of the melanophores are spaced one per myo- 
mere. Five or nine additional pigment slashes 
extend onto the ventral finfold near the tail tip. 

During larval development in larvae <6 mm, 
1 5-20 melanophores form over the midbrain and 
interorbital region of the head. Two to 5 mela- 
nophores form on the snout and 1-3 melano- 
phores form on the cheek just anterior to the 
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dorsalmost preopercular spine in larvae > 7 mm. 
At this size, melanophores are also added in the 
otic capsule; however, they become obscured by 
the developing musculature and are difficult to 
see. By ~6 mm, several melanophores are added 
just ventral to the nape pigment patch. Five to 
7 of the centrally positioned melanophores be- 
come embedded while the other nape melano- 
phores form a prominent U-shape anterolater- 
ally around the central melanophores. 

During transformation, ~7-8 mm, melanistic 
pigmentation increases markedly over the dorsal 
surface of the head. Melanophores are added on 
the snout, on the cheek region anterior to the 
preopercle and on the dorsal portion of the oper- 
culum. Melanophores also form on the pectoral 
fin base and gradually extend ventrally onto the 
isthmus. 

Pigmentation over the dorsal surface of the 
head is intense in benthic juveniles. A band of 
melanophores forms on either side of the snout, 
extending from the upper lip to the ventral mar- 
gin of each eye. Each band continues posteriorly 
reaching from the eye to the dorsalmost pre- 
opercular spine. Melanophores are also added 
ventrally along the entire margin of the pre- 



operculum and on the anterior tip of the lower 
lip. In juveniles >8.5 mm, tiny melanophores 
cover the entire dorsolateral surface of the head; 
however, the bands of pigment extending through 
each eye remain prominent. An irregular band 
of tiny melanophores forms along the surface of 
the lateral midline in juveniles >9 mm. This 
band gradually extends posteriorly to the caudal 
fin base. Two additional bands of pigment form 
along the dorsum. A third band forms under the 
8th-10th dorsal rays and a fourth band develops 
under the 14th- 16th dorsal fin rays. These pig- 
ment bands eventually extend ventrally and fuse 
with the lateral midline pigmentation. Tiny me- 
lanophores are added over the dorsolateral body 
surface in juveniles —13 mm; however, the in- 
tense pigment bands along the dorsum remain 
distinct. Melanophores extend out onto the dor- 
sal and caudal fin rays, forming three or five 
bands of pigment. 

Morphology.— Newly hatched Oligocottus 
maculosus larvae range in length from 4.2 to 4.5 
mm NL. Larvae undergo flexion of the noto- 
chord at 7. 2-7. 6 mm NL. Transformation occurs 
at a relatively small size, -7.5-8 mm. The small- 
est benthic juvenile examined was 8 mm long. 
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Table 5. Body Proportions of Larvae and Juveniles of Ougocottvs macvlosl's and O. snyderi. Values are percent 
standard length (SL) or head length (HL) including mean, standard deviation, and range in parentheses. 



Item Oligocottus maculosus Oligocottus snyderi 



Head lenglh/SL: 



Preflexion 


17.3 ± 


0.61 (17.2-18.3) 


21.4 ± 


1.26 (20.1-23.4) 


Flexion 


19.7 ± 


1.84(18.4-21.0) 


20.8 ± 


1.34(18.9-23.1) 


Postflexion 


25.3 ± 


1.89(22.3-26.6) 


23.4 ± 


1.71 (21.4-28.2) 


Juvenile 


30.1 ± 


3.06 (27.1-32.8) 


26.9 ± 


1.00 (26.5-28.0) 


Snout length/HL: 










Preflexion 


25.7 ± 


2.08 (24.3-27.9) 


23.7 ± 


3.37 (21.2-25.9) 


Flexion 


26.5 ± 


1.08(26.0-28.1) 


21.4 ± 


2.43(16.9-23.3) 


Postflexion 


29.3 ± 


2.83 (24.4-33.0) 


16.1 ± 


2.87(13.9-20.4) 


Juvenile 


27.1 ± 


3.22(24.9-31.4) 


32.0 + 


0.00 (32.0-32.0) 


Eye diameter/HL: 










Preflexion 


55.6 ± 


2.08 (53.9-57.2) 


47.8 ± 


4.80 (40.1-52.3) 


Flexion 


44.9 ± 


4.24 (42.3-48.2) 


42.1 ± 


2.95 (37.6-46.1) 


Postflexion 


41.2 ± 


4.03(33.1-45.0) 


33.3 ± 


3.21 (31.2-37.9) 


Juvenile 


31.4 ± 


2.01 (28.9-34.1) 


31.0 ± 


2.52 (29.0-34.3) 


Snout to anus length/SL: 










Preflexion 


39.1 ± 


1.53(37.2-40.4) 


42,1 ± 


1.47 (40.1-44.4) 


Flexion 


39.8 ± 


2.83(38.1^2.3) 


41.8 ± 


2.30 (39.2-44.9) 


Postflexion 


43.9 ± 


3.39(40.8-48.1) 


44.5 ± 


1.83 (42.1^6.4) 


Juvenile 


45.0 ± 


2.65(42.7-48.5) 


42.2 + 


1.53 (40. 3-^3. 1) 


Snout to pelvic fin origin/SL; 










Preflexion 




- 




- 


Flexion 


24.0* 




21.0 ± 


1.00 (20.0-22.0) 


Postflexion 


24.9 ± 


2.15(23.1-26.9) 


23.3 + 


1.71 (21.0-25.5) 


Juvenile 


28.1 + 


3.61 (25.3-32.1) 


24.6 ± 


1.53(22.9-26.1) 


Pelvic fin origin to anus/SL: 










Preflexion 




_ 




_ 


Flexion 


18.0* 




20.0 ± 


1.15(19.1-21.1) 


Postflexion 


20.2 ± 


1.89(18.1-22.8) 


21.2 ± 


1.50(20.1-23.3) 


Juvenile 


16.9 ± 


1.73(16.1-19.4) 


18.1 ± 


3.21 (16.0-22.1) 


Body depth at pectoral fin base/SL; 








Preflexion 


19.4 ± 


1.00(17.8-20.2) 


23.2 ± 


1.17(21.8-25.5) 


Rexion 


24.0 ± 


0.00 (24.0-24.0) 


23.4 ± 


2.00 (20.2-26.6) 


Postflexion 


25.9 ± 


2.17(23.7-29.1) 


20.6 ± 


1.50(19.4-21.8) 


Juvenile 


23.9 + 


3.06 (20.6-27.2) 


21.2 ± 


2.00(19.0-23.4) 


Body depth at anus/SL: 










Preflexion 


15.5 ± 


0.61 (14.9-16.2) 


21.0 ± 


2.37(18.1-24.9) 


Rexion 


18.0 ± 


0.00(18.0-18.0) 


24.3 ± 


2.91 (17.9-28.1) 


Poslflexion 


25.9 ± 


2.17(23.7-29.1) 


26.2 ± 


1.50 (21.9-27.3) 


Juvenile 


20.3 ± 


2.08(18.1-22.3) 


22.1 ± 


2.31 (19.0-23.0) 


Pectoral fin length/SL: 










Preflexion 


10.1 ± 


0.61 (9.8-11.2) 


8.2 ± 


2.53 (6.1-12.1) 


Rexion 


18.0 ± 


0.00(18.0-18.0) 


10.1 ± 


1.77 (9.3-13.4) 


Post flexion 


21.7 ± 


2.96(17.3-26.3) 


14.4 ± 


1.41 (13.1-16.0) 


Juvenile 


29.1 ± 


2.65 (26.8-31.9) 


24.3 ± 


1.53 (22.9-26.3) 



- = Not present at this stage. 

* = Only one specimen available in this stage. 



Eighteen specimens of O. maculosus (4.3-10.8 
mm) were examined for developmental mor- 
phology. 

In newly hatched larvae two prominent bumps 



or protrusions appear on the dorsal surface of 
the gut just posterior to the pectoral fin base. 
These bulges are similar to the dorsal gut diver- 
ticula of Artedius larvae; however, they never 
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develop into distinct diverticula. The gut pro- 
trusions disappear approximately 5-10 days af- 
ter hatching. Oligocottus maculosus larvae also 
possess a distinctive bubble of skin in the nape 
region just anterior to the origin of the dorsal 
finfold. This bubble persists in larvae <7.5 mm. 

Small O. maculosus are slender with a rela- 
tively short gut. Snout to anus length averages 
39% in preflexion larvae and increases to 44% 
in postflexion larvae and 45% SL in juveniles. 
Body depth at both the pectoral fin base and the 
anus increases during larval development from 
19% and 15%, respectively, to 25% SL. 

Fin Development.— Larval Oligocottus mac- 
ulosus he^n to undergo notochord flexion at ~6- 
7 mm. The adult complement of 12 principal 
caudal rays is complete in larvae ~ 6.8-7 mm 
long at about the completion of notochord flex- 
ion. 

Dorsal and anal fin rays begin to form in larvae 
~6.6 mm long; however, the full complement of 
fin rays (15-18, 12-14, respectively) is not com- 
plete until larvae are 8 mm long. Dorsal spines 
(VIII-IX) also form between 7 and 8 mm. Al- 
though pectoral fin rays are visible in larvae by 
6.6 mm, the adult complement (12-15) is not 
fully formed until larvae reach about 7.6 mm. 
Pelvic buds are first visible in 7 mm larvae but 
the fin rays are not formed until ~8.5 mm. 

Spination.— Six to 7 tiny spines are first vis- 
ible on the posterior margin of the preopercle in 
larvae ~5.8 mm long. Spines increase in number 
to 9 or 10 in larvae undergoing notochord flex- 
ion. In postflexion larvae 6. 9-7. 8 mm long, pre- 
opercular spines number 10 or 11. Two or 3 of 
these spines appear as tiny accessory spines that 
form just anterior to the bases of the other spines. 
The dorsalmost spine becomes slightly larger than 
the lower spines. The 3rd, 4th, and 5th preoper- 
cular spines also increase slightly in size relative 
to the lower spines. In the largest planktonic lar- 
vae (~8 mm long) the preopercular spines begin 
to decrease in size and number and are covered 
with skin. In newly settled benthic juveniles ~8- 
10 mm long, the dorsalmost spine is quite large 
and stout with a strong upward curvature. The 
lower spines persist only as three blunt, bony 
protrusions on the preopercular margin. 

Three tiny spines also form in the parietal re- 
gion in larvae ~6-7 mm long. Two spines de- 
velop anteriorly with a third nuchal spine form- 
ing just posterior to them. These parietal spines 
persist through the larval period, but they regress 



in benthic juveniles. During regression, the an- 
terior spines decrease in size and their tips bend 
posteriorly and fuse with the nuchal spine, form- 
ing an arch. This canal and arch become incor- 
porated into the cephalic lateral line system. 

Two spines also form on the posttemporal in 
larvae ~6-7 mm long. By ~7-8 mm, a third 
spine forms on the posttemporal and a fourth 
spine forms on the supracleithrum. These su- 
pracleithral-posttemporal spines persist through 
larval development and eventually form the 
junction of the cephalic and lateral line systems. 

Oligocottus snyderi 

(Figures 18, 19: Table 5) 

Literature.— Stein (1973) described and il- 
lustrated 4.5- and 5.5-mm TL larvae of O. sny- 
deri. Richardson and Washington (1980) called 
these larvae Cottidae Type 1 and illustrated spec- 
imens 4.2, 6.7, and 9 mm long. 

Identification.— Small larvae in this series 
were reared from eggs spawned from known 
adults. Adults and juveniles were identified by 
the following combination of characters: high 
vertebral (34-37) and dorsal fin ray (17-20) 
counts, light pigmentation, the presence of cirri 
on the nasal spines and along the bases of the 
dorsal fins, and the absence of scales (prickles). 
The developmental series was linked together 
primarily on the basis of pigmentation, body 
shape, and preopercular and parietal spination. 
Postflexion and transforming larvae were linked 
to juveniles by pigmentation, meristics, and pre- 
opercular and parietal spination. 

Distinguishing Features. — Distinguishing 
pigmentation of preflexion larval O. snyderi are 
melanistic nape pigmentation, relatively light 
pigmentation over the dorsolateral surfaces of 
the gut, and a low number of ventral midline 
melanophores (5-9) situated posterior to the anus. 
This series of ventral midline melanophores 
originates beneath the fifth to seventh postanal 
myomeres and extends posteriorly toward the 
tail tip. One melanophore is spaced approxi- 
mately every four or five myomeres. This char- 
acteristic pigmentation changes little during lar- 
val development. 

In newly hatched larvae, a hump or bubble of 
skin is present just anterior to the origin of the 
dorsal finfold. Although diffuse xanthophores are 
present over this bump in laboratory-reared lar- 
vae, no melanophores extend onto this bubble 
of skin. In contrast, O. maculosus larvae, which 
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Figure 18. of Oligocottus snyderi: \)A.l mm NL, B) 5.1 mmNL,C)6.7 mm NL (C from Richardson and Washington 

1980). 



also possess this distinctive bubble of skin at the 
nape, have one to three large dendritic mela- 
nophores that extend up onto the bubble of skin 
from the nape pigment patch. 

Larvae of O. snyderi >4.2 mm NL may be 
further distinguished from all other known cottid 
larvae by the presence of a cluster of 10-20 mi- 
nute prickles situated in the parietal region of the 
head. 

Larvae undergoing notochord flexion, >6 mm 
long, possess a distinctive pattern of multiple 
preopercular spination, in which approximately 
15 equal-sized spines are positioned along the 



posterior margin of the preopercle. Ten to 11 
small, accessory spines are situated at the ante- 
rior bases of the other spines and point antero- 
laterally. 

Postflexion larvae and juveniles may be dis- 
tinguished by their relatively light pigmentation, 
the prominent bands of pigment through the eye, 
and the low number of widely spaced ventral 
midline melanophores. In addition to pigmen- 
tation, juvenile O. snyderi are characterized by 
high vertebral and dorsal fin ray counts (34-37 
and 1 7-20, respectively), and by the presence of 
very long, slender nasal, postorbital, and fron- 
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Figure 19. Young of Oligocottus snyderi: A) 8.2 mm SL, B) 10.2 mm SL, C) 14.4 mm SL 



toparietal cirri. In juveniles > 1 5 mm, a row of 
distinctive cirri develop along either side of the 
bases of the dorsal fins. 

Pigmentation.— Newly hatched, reared lar- 
val O. snyderi are lightly pigmented with no mel- 
anistic head pigmentation. Several xanthophores 
are situated over the midbrain in live larvae. 
Two to 8 external melanophores are clustered 
over the notochord in the nape region. In live 
specimens several diffuse xanthophores extend 
dorsally from the nape onto a distinctive bump 
or bubble of skin just anterior to the origin of 
the dorsal finfold. In contrast to larvae of O. 
maculosus, however, melanophores never ex- 
tend onto this bubble of skin in larvae of O. 



snyderi. The dorsolateral surface of the gut is 
lightly pigmented with 50-60 small melano- 
phores forming an elliptical patch over the body 
cavity. Intense xanthophores also cover the dor- 
solateral surfaces of the gut. The only pigmen- 
tation posterior to the anus consists of a series 
of 5-9 melanophores that originates under the 
fifth to seventh postanal myomere and extends 
posteriorly. Each melanophore is positioned four 
to six myomeres apart. Occasionally, one or two 
melanistic pigment slashes extend onto the cau- 
dal finfold just beneath the notochord tip. 

During larval development, several melano- 
phores form on the dorsal surface of the head. 
Size of larvae at formation of this melanistic pig- 
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mentation appears somewhat variable. One or 
two melanophores are present over the midbrain 
in 21 -day-old, laboratory-reared larvae (~6.5 
mm long). Morris (n.d.) reported that four or five 
melanophores develop in the midbrain region of 
larvae at four weeks of age (~8.5 mm). Mela- 
nistic pigmentation does not appear over the brain 
in field-caught larvae until about 10 mm. 

During transformation, head pigmentation in- 
creases markedly in late postflexion larvae 10- 
14 mm long. Thirteen to 18 large, stellate me- 
lanophores form over the midbrain and inter- 
orbital regions of the head. Concurrently, several 
small melanophores form anterior to the orbit 
and extend anteriorly across the snout onto the 
upper lip forming a distinct band. Several intense 
melanophores develop posterior to the orbit 
forming a dark band extending from the orbit to 
the dorsalmost preopercular spine. Melano- 
phores are also added at the posterior margin of 
the lower jaw just ventral to the preopercle, along 
the dorsal margin of the operculum, and along 
the pectoral fin rays. A row of intense, embedded 
melanophores forms just above the spinal cord 
and extends posteriorly from the nape region two- 
thirds of the way to the caudal fin. The ventral 
midline melanophores remain unchanged. 

In juveniles between 1 3 and 1 5 mm long, nu- 
merous tiny melanophores form over the dor- 
solateral surfaces of the head and extend ante- 
riorly onto the snout between the eyes, ventrally 
along the preopercle, and along the opercular 
margin. These diffuse melanophores extend pos- 
teriorly to the seventh dorsal spine. Numerous 
small melanophores also form posterior to the 
pectoral fin base in an irregular band of pigment 
along the lateral midline. With development, 
melanophores are added along the dorsum in an 
anterior to posterior sequence. Concurrently, 
melanophores extend dorsally onto the dorsal 
fins forming four to five distinct bands of pig- 
ment. Gradually, the melanophores along the 
dorsal midline extend ventrally and posteriorly 
and join the dorsal and lateral areas of pigmen- 
tation. This lateral pigmentation extends poste- 
riorly and forms a dark band at the base of the 
caudal fin. Melanophores extend onto the caudal 
fin rays forming four to five bands of pigment. 
Juvenile O. snyderi are characterized by uniform 
diffuse pigmentation over the head and dorso- 
lateral surfaces of the body with a distinct, dark 
band of pigment extending from the snout, 
through the orbit, to the dorsalmost preopercular 



spine. The characteristic low number of widely 
spaced ventral midline melanophores remains 
visible in juveniles <18 mm. 

Morphology.— Newly hatched O. snyderi 
larvae range in size from 4 to 4.5 mm NL. No- 
tochord flexion occurs between 6.2 and 8.4 mm 
NL. The largest planktonic specimen taken in 
the field is 10.2 mm and has not yet begun to 
undergo transformation. The smallest benthic 
juvenile examined is 12.4 mm. Twenty-four 
specimens, ranging in length from 4 to 15.1 mm, 
were examined for development morphology. 

Newly hatched O. snyderi larvae are rather 
slender with a relatively short gut, the poste- 
riormost portion of which trails well below the 
body. Snout to anus length averages 42% in pre- 
flexion and flexion larvae, then increases slightly 
to 44% SL in postflexion larvae. Relative body 
depth at the pectoral fin base increases from 23% 
to 25% SL during larval development. A small, 
rounded protrusion extends dorsally from the 
dorsal surface of the gut just posterior to the 
pectoral fin base in newly hatched larvae. This 
protrusion is reminiscent of the gut diverticula 
found in larvae of several species of Artedius but 
is much less pronounced and never develops into 
distinct diverticula. This protrusion decreases in 
size shortly after hatching and is no longer visible 
by yolk absorption five days after hatching. In 
addition, O. snyderi larvae possess a prominent 
bump or bubble of skin that protrudes dorsally 
in the nape region just anterior to the origin of 
the dorsal finfold. This bubble persists in larvae 
up to ~6.5-7 mm. 

Fin Development.— Larvae of O. snyderi 
undergo notochord flexion between 6.2 and 8.4 
mm. Caudal fin rays first appear at 7.8 mm; how- 
ever, the full adult complement of 6 + 6 prin- 
cipal caudal rays is not complete until larvae 
reach ~9-10 mm. Rays begin to form in the 
dorsal and anal fins of larvae between 7.5 and 8 
mm long; however, these rays are not fully formed 
in larvae <9 mm. Adult complements are 17- 
20 and 12-15, respectively. Dorsal fin spines be- 
gin forming in larvae 9-10 mm long, and the 
adult complement of spines (VIII-IX) is count- 
able in a 10.2 mm specimen. Pectoral fin rays 
(12-15) form at 9 mm and are complete by 10 
mm. Pelvic buds are first visible in larvae be- 
tween 8.2 and 9 mm, but the fin rays are not 
fully formed until larvae reach 10-12 mm. 

SpiNATioN.— Five to nine tiny bumps form 
along the posterior margin of the preopercle 
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in larvae >4.2-5 mm. By ~ 5.1 mm, 10-15 tiny 
equal-sized spines are visible. During notochord 
flexion the preopercular spines increase in size 
and number, ranging between 17 and 22. The 
preopercular spines of O. snyderi larvae are 
unique in that 10-12 spines form along the pos- 
terior margin of the preopercle as in other cottids 
with preopercular spines, yet by ~7 mm NL, 
between 8 and 10 small accessory spines form 
anteriorly at the bases of the original spines. In 
larvae >9 mm, the dorsalmost preopercular spine 
becomes stouter and longer than the other spines 
and is separated from the lower spines by a short 
gap on the preopercular margin. The 5-8 spines 
just ventral to the dorsalmost spine also become 
slightly larger relative to the lower preopercular 
spines. Between 12 and 14 preopercular spines 
are visible in newly settled benthic juveniles. The 
dorsalmost spine becomes much larger relative 
to the other spines. The smaller, accessory spines 
begin to atrophy and are represented only by 
small bumps or irregularities on the preopercle. 
By ~ 14 mm, only the dorsalmost spine persists. 

Distinctive spines also form in the parietal re- 
gion of the head of young O. snyderi. Larvae as 
small as 4.2 mm have 7-10 small bumps or 
prickles visible over the parietals. These prickles 
increase in number during development; 10-20 
prickles are present in the parietal region in lar- 
vae >6.2 mm. Eight to 12 tiny prickles remain 
visible along the posterolateral margin of the pa- 
rietal bones in 12-13-mm cleared and stained 
benthic juveniles. 

A cluster of spines also develops in the supra- 
cleithral-posttemporal region in larvae >8 mm. 
One spine forms on the supracleithrum and five 
spines, situated in two rows, form on the dorsal 
portion of the posttemporal. These persist 
throughout larval development but atrophy dur- 
ing transformation until only three bony projec- 
tions are present in benthic juveniles. These bony 
projections represent the rudiments of the incip- 
ient lateral line system. 

Clinocottus acuticeps 
(Figures 20-22; Table 6) 

Literature. — Blackburn (1973) illustrated and 
described an 8.6-mm specimen, which he called 
Cottid 1 “Biramous anus." Richardson (1977) 
and Richardson and Pearcy (1977) listed larvae 
of C. acuticeps as Cottidae sp. 1 2. Larvae of this 
species were described by Richardson and Wash- 



ington (1980). They illustrated specimens 3.7, 
3.9, 6.9, 7.6, 10.4, 13.8, and 16.5 mm long. 

Identihcation.— Small larval C. acuticeps 
were reared from eggs spawned from known 
adults. Adults and juveniles were identified by 
low dorsal fin ray (13-17) and anal fin ray (9- 
13) counts, the presence of nasal cirri, and a 
membrane connecting the innermost pelvic fin 
ray with the abdomen. The developmental series 
was linked together primarily by pigmentation, 
body shape, and hindgut diverticula. Postflexion 
and transforming larvae were linked with juve- 
niles by pigmentation, meristics, and the mem- 
brane attaching the pelvic fin rays to the abdo- 
men. 

Distinguishing Features.— acu- 
ticeps larvae are distinguished from all other 
known cottid larvae by long protrusions (diver- 
ticula) that extend posteriorly from the gut on 
either side of the anus. These diverticula are pres- 
ent in yolk-sac larvae and persist in the largest 
pelagic specimens (14.5 mm). The gut itself is 
distinctively long and the posterior portion trails 
well below the body. Snout to anus length, av- 
eraging 62.5% SL, is greater than in other known 
larvae of Artedius, Clinocottus. or Oligocottus. 
In addition, these larvae have a flabby appear- 
ance with an outer bubble of skin, which is es- 
pecially pronounced in the head region. 

Other characters useful in distinguishing C. 
acuticeps larvae are melanistic pigmentation on 
the snout and head, and relatively few ventral 
midline melanophores (4-10). 

Transforming and juvenile C. acuticeps are 
distinguishable from all other known cottids by 
the presence of a membrane attaching the inner 
pelvic fin ray to the belly. Other characters useful 
in separating juveniles are the relatively light, 
uniform pigmentation over the body; a band of 
pigment extending from the snout posteriorly 
through the orbit toward the preopercle; a dark 
blotch of pigment at the anterior end of the 
spinous dorsal; and a low number of ventral mid- 
line melanophores. 

Pigmentation.— Newly hatched larvae reared 
in the laboratory exhibit 4 or 5 dendritic mela- 
nophores on the snout and 2 faint melanophores 
in each otic capsule. In field-collected larvae <3.7 
mm NL, the presence of snout pigment varies; 
however, all larvae >3.7 mm NL possess at least 
2 melanophores on the snout. Eight to 1 5 me- 
lanophores are clustered in the nape region of 
even the smallest larvae. Numerous melano- 
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Figure 20. Larvae of Clinocottus acuttceps: A) 3.7 mm NL, B) 3.7 mm NL, C) 3.9 mm NL, D) 6.9 mm NL (from Richardson 
and Washington 1980). 
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1980 ). 



phores are scattered over the dorsolateral surface 
of the gut extending posterolaterally over the sur- 
face of the gut diverticula. These melanophores 
are much fainter and more irregular in shape 
than in larvae of other species of Clinocottus. 

A series of 4-1 0 inconspicuous ventral midline 
melanophores originates beneath the 7th-10th 
postanal myomeres and extends posteriorly to- 
ward the tail tip. Several additional melano- 
phores appear as streaks of pigment on the ven- 
tral finfold near the tail tip. 



Pigmentation increases on the head during lar- 
val development. Melanophores form first on the 
head over the midbrain in larvae 5.5 mm NL. 
Concurrently, several embedded melanophores 
appear on the nape and extend anteriorly onto 
the head. Four to five internal melanophores oc- 
cur in or near the otic capsule. In larvae >6.5 
mm, scattered melanophores extend continu- 
ously from the snout to the nape region. Ventral 
midline melanophores persist in flexion and 
postflexion larvae, and the posteriormost mela- 
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nophore, which is located near the notochord tip 
in small larvae, occurs near the middle of the 
caudal fin base between the forming hypural 
plates. The posteriormost melanophores which 
extended onto the ventral finfold now occur on 
the caudal fin. In the largest planktonic larvae, 
which are beginning to undergo transformation, 
melanophores are added in a patch just posterior 
to the orbit. Melanophores also are added along 
the bases of the pectoral fins and extend onto the 
pectoral fin rays. 

In newly settled benthic juveniles (1 3-14 mm) 
head pigmentation increases markedly. Mela- 
nophores extend anteriorly across the dorsal sur- 
face of the snout and onto the upper lip. The 
melanophores at the ventral margin of the snout 
are especially intense and closely spaced, forming 
a prominent band that extends from the upper 
lip to the ventral margin of the orbit. This band 
continues from the posterior margin of the orbit 
to the dorsal margin of the preopercle. Addi- 
tional melanophores are added along the ventral 
edge of the lower lip, at the base of the preopercle, 
and on the dorsal portion of the operculum. As 
development proceeds, a second band of pig- 



ment forms between the ventral margin of the 
orbit and the melanophores at the base of the 
preopercle. Simultaneously, pigmentation in- 
creases on the pectoral fin bases while two to 
three bands of pigment form across each fin. 

Between 14 and 15 mm, a dense patch of me- 
lanophores forms at the anterior end of the first 
dorsal fin between the first and third spines. As 
juvenile pigmentation progresses this patch ex- 
pands posteriorly to include the fourth dorsal 
spine, and a second patch of melanophores forms 
between the seventh and eighth dorsal spines. 
Melanophores extend ventrally from these two 
pigment patches forming two distinct bands 
across the dorsum. Pigmentation proceeds pos- 
teriorly along the dorsum. In juveniles between 
1 5 and 1 6 mm long, a third band (or saddle) of 
pigment forms under the second to sixth dorsal 
fin rays; a fourth band forms under the 8th to 
1 1 th dorsal fin rays; and a fifth band forms under 
the last two dorsal fin rays. As these bands of 
pigment develop along the dorsum, they extend 
ventrally and eventually unite into a uniform 
band of pigment above the lateral midline. Con- 
currently, another band of pigment extends pos- 
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Table 6. Body Proportions of Larvae and Juveniles of Cunocottvs acvticeps. C. embryvm, C. globiceps, and C. 
ANALfs. Values given are percent standard length (SL) or head length (HL) including mean, standard deviation, and range in 
parentheses. 



Item 


Clinocotlus acuticeps 


Clinocottus embryum 


Clinocottus globiceps 


Clinocottus analis 


Head length/SL: 




















Preflexion 


27.1 ± 3.44(22.3-30.1) 


26.1 ± 


2.65(26.0-30.1) 


20.6 


± 


2.21 (17.0-25.0) 






- 


Flexion 


29.2 ± 1.92(26.8-32.4) 


23.9 ± 


1.15(21.8-25.3) 


23.0 


± 


1.79(21.0-27.2) 






- 


Postflexion 


27.9 ± 2.71 (22.9-32.6) 


24.0 ± 


0.00 (24.0-24.0) 


27.3 


± 


4.09 (22.4-33.3) 


30.1 ± 


1.25 (27.8-32.1) 


Juvenile 


32.2 ± 0.65 (31.5-32.7) 


31.5 ± 


1.13(30.2-32.2) 


31.6 


± 


0.46(31.2-32.1) 






- 


Snout length/HL: 




















Preflexion 


24.6 ± 4.80(21.3-25.9) 


21.3 ± 


1.53 (19.9-23.7) 


21.3 


± 


4.40(14.5-26.7) 






- 


Flexion 


26.4 ± 2.97 (22.9-30.6) 


24.1 ± 


3.83 (18.4-30.8) 


25.7 


± 


3.39 (20.0-30.5) 






- 


Postflexion 


23.6 ± 4.38 (16.3-30.9) 


22.2 ± 


0.58 (21.8-23.6) 


25.3 


± 


4.84(20.0-33.0) 


28.3 ± 2.70 (22.3-32.2) 


Juvenile 


27.5 ± 4.36 (26.8-29.4) 


27.5 ± 


1.47 (22.7-31.2) 


27.1 


± 


0.92(26.1-27.9) 






- 


Eye diameter/HL; 


















Preflexion 


39.7 ± 6.63(31.5-54.2) 


39.3 ± 


3.06 (35.8^2.1) 


50.4 


+ 


9.16(46.2-63.1) 






- 


Flexion 


34.6 ± 2.41 (31.9-36.4) 


35.7 ± 


3.79 (34.8-39.5) 


43.7 


± 


7.39(37.9-51.4) 






- 


Postflexion 


32.7 ± 3.30(27.1-38.2) 


32.1 ± 


3.06 (29.0-35.3) 


38.2 


± 


8.09 (24.4-46.0) 


31.3 ± 


1.41 (27.8-33.0) 


Juvenile 


27.9 ± 2.06 (25.5-29.3) 


29.8 ± 


0.74 (29.2-30.6) 


27.1 


7- 


0.91 (26.1-27.9) 






- 


Snout to anus length/SL: 


















Preflexion 


60.7 ± 4.64 (54.4-67.2) 


51.6 ± 


3.51 (48.2-55.1) 


44.0 


± 


3.59(39.6-52.9) 






- 


Flexion 


62.8 ± 2.74(60.3-67.1) 


49.9 ± 


3.87 (43.9-54.4) 


48.2 


± 


3.27 (44.4-56.0) 






- 


Postflexion 


62.5 ± 4.61 (57.5-70.3) 


50.0 ± 


3.06 (47.3-53.8) 


50.0 


± 


3.48 (44.7-56.8) 


48.9 


+ 


2.40 (46.4-54.3) 


Juvenile 


50.2 ± 1.64(48.4-51.6) 


49.0 ± 


3.10(47.0-52.6) 






- 






- 


Snout to pelvic fin origin/SL: 


















Preflexion 


- 




- 






- 






- 


Rex ion 


- 


28.0* 


- 


24.6 


± 


2.94 (21.4-28.0) 






- 


Postflexion 


33.4 ± 2.63 (29.4-39.5) 


32.1 ± 


3.54 (29.0-34.2) 


26.7 


± 


2.33 (23.4-30.9) 


29.3 


± 


1.34 (27.2-31.4) 


Juvenile 


33.3 ± 1.16 (32.5-34.6) 


31.1 ± 


1.3! (29.6-32.1) 


30.7 




1.04(29.5-31.4) 






- 


Pelvic fin origin t 


0 anus/SL: 


















Preflexion 


- 




- 






- 






- 


Rexion 


_ 


26.1* 




21.5 


± 


1.77 (18.7-23.4) 






- 


Postflexion 


29.4 + 4.56(23.1-37.3) 


18.2 ± 


0.71 (17.1-18.4) 


22.9 


± 


1.42 (21.4-25.2) 


19.9 


± 


2.26(17.3-22.3) 


Juvenile 


16.9 ± 1.70(15.9-18.9) 


17.9 ± 


2.50(15.4-20.4) 


20.7 


± 


0.64 (20.0-21.2) 






- 


Body depth at pectoral fin base/SL: 


















Preflexion 


24.3 ± 3.25 (17.8-29.1) 


25.8 ± 


4.36(21.2-29.4) 


20.8 


± 


2.87 (15.8-25.5) 






- 


Rexion 


27.6 ± 2.30 (24.3-30.2) 


26.3 ± 


2.29 (23.7-30.2) 


23.9 


± 


2.02 (22.2-29.3) 






- 


Postflexion 


31.3 ± 2.29(28.4-35.0) 


26.1 ± 


1.53(25.0-28.2) 


26.8 


± 


2.78 (22.1-30.9) 


28.1 


± 


1.36(25.4-29.1) 


Juvenile 


26.1 ± 1.99(23.9-27.8) 


21.6 ± 


1.01 (23.5-25.5) 


27.3 


± 


0.53 (26.7-27.7) 






- 


Body depth at anus/SL: 


















Preflexion 


21.4 ± 2.94(18.0-24.5) 


22.8 ± 


4.36 (18.2-26.5) 


17.5 


± 


2.46(13.6-21.6) 






- 


Rexion 


25.4 ± 2.07(23.3-28.1) 


25.1 ± 


1.51 (22.9-27.3) 


21.2 




2.07(17.7-24.0) 






- 


Postflexion 


28.4 ± 2.43 (26.4-35.2) 


27.0 ± 


0.00 (27.0-27.0) 


25.7 


± 


3.04 (21.1-30.4) 


25.7 


± 


1.50 (25.0-29.1) 


Juvenile 


24.0 ± 2.28(21.4-25.4) 


23.3 ± 


1.93 (22.1-25.5) 


25.7 


± 


2.08 (23.3-27.0) 






- 


Pectoral fin length/SL: 


















Preflexion 


11.4 ± 1.27(9.6-13.3) 


9.9 ± 


3.46 (6.3-12.1) 


12.1 


± 


1.19(9.6-13.8) 






- 


Rexion 


11.0 ± 1.87(9.9-14.5) 


11.2 ± 


2.75(7.1-17.5) 


12.3 


± 


4.40 (7.5-22.0) 






- 


Postflexion 


26.4 ± 5.95(18.2-35.0) 


32.0 ± 


4.04(30.1-37.0) 


22.7 


± 


6.00(11.1-30.4) 


29.3 


± 


2.15(24.8-32.3) 


Juvenile 


32.1 ± 1.74(30.8-34.1) 


33.4 ± 


1.16(32.1-34.2) 


29.0 




0.82(28.1-29.7) 






- 



- * Not present at this stage. 

* = Only one specimen available in this stage. 
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teriorly along the lateral midline to the caudal 
fin where melanophores form a dark band at the 
base of the caudal fin. Melanophores extend onto 
the caudal fin rays where they form four or five 
bands across the fin. Clusters of melanophores 
extend first ventrally and then laterally from the 
lateral midline pigment band and gradually unite 
enclosing three to five small unpigmented circles 
below the lateral line. Three to six tiny mela- 
nophores remain visible along the ventral mid- 
line posterior to the anus in juveniles < 1 7 mm 
long. 

Morphology.— Clinocottus acuticeps larvae 
hatch at the smallest length (3. 1-3.3 mm NL) of 
any member of the genus. Notochord flexion oc- 
curs between 5.6 and 7.3 mm NL). The largest 
planktonic specimen collected is 14.5 mm and 
is beginning to undergo transformation. The 
smallest benthic juvenile examined is 12.6 mm. 
Thirty-seven selected specimens of C. acuticeps, 
ranging in length from 3.1-16.2 mm, were ex- 
amined for developmental morphology. 

Larvae of C. acuticeps have a distinctive, flab- 
by appearance as if a loose bubble of outer skin 
surrounds the anterior part of the body. 

Larvae are deep-bodied with a long, distinc- 
tive gut, the posterior portion of which trails well 
below the body. Snout to anus length remains 
relatively constant during larval development, 
averaging 63% SL. Prominent diverticula extend 
posteroventrally from the hindgut on either side 
of the anus. These diverticula are well developed 
throughout larval development but are not vis- 
ible in benthic juveniles. 

Fin Development.— a 5.6 mm NL larva is 
just beginning notochord flexion and a concur- 
rent thickening of the hypural region of the form- 
ing caudal fin. The adult complement of 6 -i- 6 
principal caudal rays is present in a 6.8 mm spec- 
imen prior to completion of notochord flexion 
at ~7.5 mm. Bases of the dorsal and anal fin rays 
begin forming on a 6.9 mm larva. The full adult 
complement of dorsal (13-17) and anal (9-13) 
fin rays is present by ~8 mm. The adult com- 
plement of dorsal fin spines (VII-IX), however, 
is not present until ~8.7 mm. 

Although pectoral fin rays are visible on a 6.9 
mm larva, the full adult complement (13-15) is 
not complete until >7.6 mm. Pelvic fin buds 
appear just after completion of notochord flexion 
in a 7.6 mm larva; however, the fin rays are not 
fully formed until ~ 10 mm. 



Spination.— Preopercular spines first appear 
as small bumps at 5.2 mm NL. Nine to 1 1 small 
spines are present by the onset of notochord flex- 
ion at ~6 mm. During flexion, spines remain 
small and evenly spaced with the 2nd and 3rd 
spines becoming slightly longer than the others. 
By completion offlexion, at 7.6 mm, 1 1-1 2 spines 
are present along the margin of the preopercle. 
The dorsalmost 3 spines are beginning to elon- 
gate and point dorsally. In a 10-mm cleared and 
stained specimen, the dorsalmost 3 spines are 
nearly four times as long as the ventral spines. 
In the largest planktonic larvae (13-14 mm long) 
the ventralmost spines are beginning to atrophy. 
The 3 dorsalmost spines are still prominent in a 
15.2 mm juvenile, but the 8 ventral spines are 
minuscule, with their tips twisted and bent an- 
teriorly. By ~ 1 9 mm, the lower spines have atro- 
phied completely, and only the single large dor- 
salmost spine persists. 

No spines develop in the parietal or supra- 
cleithral-posttemporal regions of the head in lar- 
vae or juveniles of this species. 

Clinocottus embryum 

(Figures 23-25; Table 6) 

Literature.— Richardson (1977) and Rich- 
ardson and Pearcy (1977) listed larvae of this 
species as Cottidae sp. 20. Richardson and 
Washington (1980) described these larvae as 
Cottidae Type 2 and illustrated specimens 4.0, 
6.4, and 7.4 mm long. 

iDENTincATioN.— Juveniles and adults were 
identified using a combination of the following 
characters: an advanced anus, light pigmenta- 
tion, presence of a nasal cirrus, low anal fin ray 
counts (9-12), and absence of a membrane at- 
taching the pelvic fin rays to the abdomen. The 
developmental series was linked together pri- 
marily on the basis of pigmentation, body shape, 
and preopercular spination. Postflexion and 
transforming larvae were linked to juveniles by 
pigmentation, cirri patterns, meristics, and pre- 
opercular spination. 

Distinguishing Features.— Characters use- 
ful in distinguishing preflexion larvae of C. ern- 
bryum are lack of head pigment, relatively light 
gut pigmentation, large number of ventral mid- 
line melanophores (15-21), and relatively long, 
trailing gut. Head and/or snout pigment is pres- 
ent in larvae of all other species of Clinocottus. 
C. embrywn larvae are further distinguished from 
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yolk-sac C. acuticeps larvae (in which snout pig- 
ment is sometimes absent) by the absence of dis- 
tinct hindgut diverticula. 

In addition to the pigmentation characters 
mentioned above, flexion and postflexion larvae 
of C. embryum are distinguished by their head 
spination. Larvae 7.3 mm have 1 1-14 preoper- 
cular spines; the dorsalmost spine is the largest. 

In benthic juveniles of C embryum, the anus 
is advanced midway between the origin of the 
pelvic fins and the anal fin, as in other members 
of the genus. Juvenile C. embryum are distin- 
guished from C. globiceps, C. analis, and C. re- 
calvus by relatively light, mottled body pigmen- 
tation and long and slender nasal, postorbital, 
and frontoparietal cirri. Clinocottus embrymm 
juveniles are distinguished from C. acuticeps by 
the presence of a large number of ventral midline 
melanophores (15-21) and the absence of a 
membrane connecting the inner pelvic fin ray to 
the abdomen. 

Pigmentation.— Melanistic pigmentation is 
absent on the head in preflexion C. embryum 
larvae. One to 5 melanophores are scattered over 
the nape region. The dorsolateral surface of the 
gut is relatively lightly pigmented and occasion- 
ally several faint melanophores are present on 
the anterolateral surface of the gut below the pec- 
toral fins. Posterior to the anus, a series of 1 5- 
1 9 melanophores extends along the ventral mid- 
line. This series begins on the fourth or fifth myo- 
mere posterior to a vertical line through the anus; 
the melanophores are spaced approximately 1 
per myomere. Several specimens have 1 or 2 
melanophores on the ventral finfold near the no- 
tochord tip. 

During larval development, the formation of 
head pigmentation varies in larvae between 6 
and 9 mm long. Three out of eight larvae ob- 
served possess one to five tiny melanophores over 
the brain. One or two melanophores are consis- 
tently present beneath the pectoral fin on the 
anterolateral surface of the gut in larvae >6.5 
mm. Otherwise, pigmentation remains un- 
changed. 

In transforming larvae >9.6 mm long, nu- 
merous melanophores appear over the brain. 
Several melanophores appear on the cheek re- 
gion between the orbit and the preopercle. Me- 
lanophores are also added on the pectoral fin 
base. 

Melanistic pigmentation increases over the 



head in newly settled juveniles. Large melano- 
phores cover the surfaces of the head over the 
midbrain and interorbital regions. Several large, 
intense melanophores are embedded at the pos- 
terior margin of the parietal region. A distinct, 
dense band of melanophores extends from the 
orbit anteriorly onto the upper lip and posteriorly 
from the orbit to the dorsal tip of the preopercle. 
Several melanophores form a dark patch on the 
cheek beneath the orbit. Melanophores are also 
added to the dorsal surface of the operculum and 
to the pectoral fin base with several melano- 
phores extending onto the pectoral fin rays. 

As development proceeds, pigmentation in- 
creases markedly over the head. In a 16-mm 
juvenile, the bands of pigment extending through 
the eye are prominent, but numerous small me- 
lanophores cover the entire dorsal surface of the 
head above these bands of pigment. Pigmenta- 
tion increases on the operculum and pectoral fin 
base. Three to four bands of melanophores are 
added across the pectoral fin rays. 

Five bands of pigment develop on the body 
along the dorsal midline in an anterior to pos- 
terior sequence. The first band of pigment forms 
under the third to fifth dorsal fin spines, and a 
second smaller band begins to form under the 
seventh to ninth dorsal spines in juveniles be- 
tween 13 and 14 mm long. By ~15 mm, three 
additional bands of pigment are present on the 
dorsum beneath the second dorsal fin. The third 
band forms under the 2nd-4th dorsal fin rays, 
the fourth band forms under the 7th-9th fin rays, 
and the fifth band forms under the 12th-15th 
rays. At the same time, a series of embedded 
melanophores develops in a row just above the 
notochord, extending from the nape region to- 
ward the caudal fin. A few diffuse patches of 
external melanophores also form along the lat- 
eral midline posterior to the gut. 

As juvenile pigmentation develops, the dorsal 
bands of pigment extend ventrally until they unite 
above the lateral line, forming four unpigmented 
saddles between the bands. The melanophores 
lying along the lateral midline increase in number 
and extend posteriorly and ventrally toward the 
caudal fin. As this lateral pigmentation extends 
posteriorly, it fuses dorsally with the pigment 
bands. As pigmentation expands and unites over 
the lateral surface of the body, numerous, irreg- 
ular, unpigmented circles remain above and be- 
low the lateral line, giving juvenile C. embryum 
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Figure 23. Larvae of Clinocottus embryum: A) 4.0 mm NL, B) 5.4 mm NL, Q 6.4 mm NL (A and B from Richardson 
and Washington 1980). 



a distinctively mottled appearance. Eighteen to 
21 small melanophores remain visible along the 
ventral midline in juveniles up to ~ 1 9 mm long. 

Morphology.— The smallest C. embryum 
examined is 4.0 mm NL and is recently hatched. 
Larvae undergo flexion of the notochord between 
6.4 and 9.6 mm NL. The largest specimen taken 



in the plankton is 14.0 mm and is beginning to 
undergo transformation. The smallest benthic 
juvenile is 13.7 mm. Eighteen C. embryum, 
ranging from 4 to 14 mm long, were examined 
for developmental morphology. 

Larval C. embryum have a distinctively shaped 
gut with the posterior portion trailing well below 
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the body. The walls of the hindgut protrude on 
either side of the anus, reminiscent of the hindgut 
diverticula of C. acuticeps; however, these bulges 
never develop into pronounced diverticula. Snout 
to anus length is relatively long throughout larval 
development, averaging 50% SL. 

Fin Development.— The onset of notochord 
flexion is first apparent in a 6.4 mm larva. Caudal 
rays are present by ~7,4 mm but the adult com- 
plement of 6 + 6 principal caudal rays is not 
complete until about 8.4 mm. Bases of the form- 
ing dorsal and anal fin rays are first visible at 
~7.4 mm; however, the adult complement of 
dorsal (14-17) and anal (9-12) fin rays is not 
present until ~8.3 mm. Dorsal spines (VIII-X) 



are beginning to form at ~8.3 mm but are not 
fully formed until 9.6 mm. Pectoral fin rays begin 
to form at ~8 mm, and the adult complement 
of fin rays (12-15) is present by 9.6 mm. Pelvic 
fin buds are first apparent at ~9.6 mm, and the 
adult pelvic fin complement (1,3) is present in 
postflexion larvae >12.4 mm long. 

Spination.— Eight to 10 tiny, evenly spaced 
spines increases, ranging in number from 1 1 to 14. 
opercle at ~5.2 mm NL. In larvae undergoing 
notochord flexion, the number of preopercular 
spines increases, ranging in number from 1 1 to 
14. During the flexion stage, the dorsalmost pre- 
opercular spine increases in size relative to the 
rest of the preopercular spines so that by the end 
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Figure 25. Juveniles of Clinocottus embryum: A) 13.7 mm SL, B) 16.2 mm SL. 



of flexion, the dorsalmost spine is much longer 
and stouter than the other spines. In the largest 
planktonic larvae, 13-14 mm long, the upper 
spine is >2.5 times longer than the other spines 
and is separated from them by a slight gap. In 
newly settled benthic juveniles, the number and 
size of the lower preopercular spines are reduced. 
By > 1 5 mm, only a second, tiny spine persists 
just ventral to the large dorsal spine. The other 
spines appear as five to seven small bumps or 
irregularities along the preopercular margin. In 
completely transformed juveniles > 1 6 mm long, 
only the uppermost spine is visible. 

Two spines develop in the parietal region of 
C. embryum larvae. A single small spine is first 
present at the posterior margin of each parietal 
at ~6.7 mm. By 9.6 mm, this parietal spine has 
increased in size and a second smaller parietal 
spine is present just behind it. As larvae undergo 
transformation, between 12 and 14 mm, these 
spines undergo a reduction in size, and the first 
parietal spine eventually fuses with the second 
parietal spine, forming a hollow central canal 
between the spines. This canal is part of the in- 
cipient cephalic lateral line system. In newly set- 



tled juveniles, only a skin-covered bony protu- 
berance is visible in the parietal region. 

Three spines also form in the supracleithral- 
posttemporal region of the head at ~9.6 mm. 
These spines persist through transformation and 
eventually become associated with the lateral line 
system in juveniles >15 mm long. 

Clinocottus globiceps 

(Figures 26-28; Table 6) 

Literature. — Larvae of this species were list- 
ed by Richardson (1977) and Richardson and 
Pearcy (1977) as Oligocottus sp. 1. Richardson 
and Washington (1980) described larvae of this 
species as Cottidae Type 3. They illustrated spec- 
imens 6.3, 7.5, and 12.5 mm long. 

I DENTincATioN.— Larvae were reared from 
eggs spawned from known adults. Field-collected 
larvae were identified through comparison with 
reared larvae. Identification of larvae and juve- 
niles was further confirmed by the following 
characters: pigmentation, body shape, an ad- 
vanced anus, and absence of a nasal cirrus. 

Distinguishing Features.— Preflexion and 
flexion larvae of C. globiceps may be distin- 
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guished from other cottid larvae, except C re- 
calvus and C. analis, by the presence of heavy 
pigmentation on the head, nape, and dorsolateral 
surface of the gut. Larval C globiceps are distin- 
guished from C. recalvus and C analis by the 
number (4-8) and spacing of ventral midline me- 
lanophores. Late flexion and postflexion larvae 
of C. globiceps differ from all other Clinocottus 
larvae in preopercular and parietal spination. 

Transforming and juvenile C globiceps are 
distinguished from other cottid larvae by the 
combination of a blunt, rounded snout and head, 
heavy pigmentation over the anterior third of 
the body, and two or three inconspicuous ventral 
midline melanophores which persist on the cau- 
dal peduncle. 

Pigmentation.— Newly hatched and preflex- 
ion larvae of C globiceps have intense melanistic 
pigmentation on the head and nape. Eight to 1 1 
large stellate melanophores are present over the 
midbrain and 21-30 melanophores are concen- 
trated in the nape region. These nape melano- 
phores are arranged in a distinctive pattern in 
which 7-1 0 melanophores are embedded along 
the dorsal midline of the nape and are surround- 
ed anteriorly and laterally by 1 4-23 dark mela- 
nophores lying on the external surface of the nape. 
Eight to 1 0 dendritic melanophores occur on both 
the anterior and posterior walls of the otic cap- 
sules. The dorsolateral surface of the gut is heavi- 
ly pigmented with 100-150 large, round mela- 
nophores. The only pigmentation occurring 
posterior to the anus is a series of 4-8 discrete, 
ventral midline melanophores. These are situ- 
ated under the 10 posteriormost myomeres near 
the tail tip. Frequently, 2-5 additional small me- 
lanophores extend beyond the tail tip onto the 
caudal finfold. 

Pigmentation changes little during larval de- 
velopment. The midbrain melanophores in- 
crease in number ranging from 1 2 to 1 6 in larvae 
>6 mm. By about 8 mm, melanophores are 
densely concentrated over the nape and extend 
anteriorly onto the head. Melanophores are added 
in the midbrain region and several melanophores 
extend anteriorly over the forebrain onto the 
snout. As head musculature develops, melano- 
phores in the otic region become obscured so 
that only 5 or 6 melanophores are visible on the 
posterior wall of the otic capsule. 

During transformation, in planktonic larvae 
12-14 mm long, head pigmentation increases 



markedly. Several melanophores are added on 
the upper lip and beneath the orbit. Melano- 
phores are also added in a row along the pre- 
opercle and on the dorsal portion of the oper- 
culum. Pigmentation over the brain intensifies 
and expands posteriorly, merging with the nape 
pigmentation. Concurrently, nape melanophores 
extend ventrally from the nape forming a con- 
tinuous band of pigment between the nape and 
gut. Pigmentation also increases over the body 
cavity as melanophores extend ventrally over the 
lateral surfaces of the gut. Several melanophores 
also are added on the pectoral fin base. Ventral 
midline melanophores decrease in size and num- 
ber, until only two to four inconspicuous mela- 
nophores persist beneath the caudal peduncle. 

Newly settled benthic juveniles of C. globiceps 
are distinctively pigmented with the anterior third 
of the body covered with dark melanophores ex- 
tending posteriorly to about a vertical through 
the seventh dorsal spine. Only the posterior two- 
thirds of the pelvic fin rays remain unpigmented. 
Posterior to the intense head pigment, the two 
to four small, ventral midline melanophores con- 
stitute the only pigment. Between 1 4 and 1 6 mm 
SL, juvenile pigmentation is added posteriorly 
along the dorsum. By about 14 mm, a dark ver- 
tical bar of melanophores forms under the sec- 
ond to fourth dorsal fin rays and extends ven- 
trally two-thirds of the way below the lateral 
midline. Between 15 and 16 mm, three addi- 
tional saddles of melanophores are added pos- 
teriorly along the dorsum. The first saddle forms 
under the 8th- 10th dorsal fin rays, the second 
forms under the 14th-l 5th fin rays, and the third 
saddle forms on the dorsal surface of the caudal 
peduncle. Concurrently, melanophores are added 
posteriorly along the lateral midline forming a 
dark band of pigment at the base of the caudal 
fin. Several melanophores appear on the pector- 
al, dorsal, and caudal fin rays. 

Morphology.— Larval C. globiceps hatch at 
a relatively large size, 5. 1-5.4 mm NL. Flexion 
of the notochord occurs between 6.2 and 8. 1 mm 
NL. The largest planktonic larva taken in field 
collection is 1 2.9 mm and is beginning to undergo 
transformation. The smallest benthic juvenile is 
13.5 mm long. Thirty-eight specimens (5.1-14.6 
mm) were examined for developmental mor- 
phometries. Because only 10 larvae were avail- 
able from field collections, this morphometric 
series includes 25 laboratory-reared larvae. 
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Figure 26. Larvae of Clinocottus globiceps: A) 5.0 mm NL, B) 6.3 mm SL, C) 7.5 mm NL (B and C from Richardson and 
Washington 1980). 



Larval C. globiceps are relatively deep-bodied, 
and the posterior portion of the gut trails below 
the rest of the body. When viewed ventrally, the 
hindgut bulges slightly on either side of the anus 
similar to, but less pronounced than, the bulges 
in C embryum. 

Relative body depth at the pectoral fin base 
increases during larval development from 20.7% 
in preflexion larvae to 28.5% SL in transforming 
larvae and juveniles. 

Larval C globiceps have a notably blunt. 



rounded head and snout with relative head length 
increasing from 17.0% in preflexion larvae to 
about 31% SL in transforming juveniles. 

Fin Development.— The smallest larva begin- 
ning to undergo flexion of the notochord is 6.2 
mm long. Notochord flexion is complete in lar- 
vae between 7.5 and 8.0 mm long. Although cau- 
dal rays are present in late-flexion stage larvae 
(7.0-7.5 mm NL), the adult complement of 6 -I- 
6 principal caudal rays is not countable until the 
completion of flexion at 7.4 mm. 
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Figure 27. Larvae of Clinocottus globiceps: A) 8.5 mm SL, B) 12.5 mm SL, C) 12.9 mm SL (B from Richardson and 
Washington 1980). 



Dorsal and anal fin bases are just beginning to 
form at completion of notochord flexion. The 
full complement of dorsal (13-1 7) and anal (11- 
12) fin rays is complete at ~9.5 mm. The dorsal 
spines (VIII-X) are completely formed at ~10 
mm. Development of the pectoral fin corre- 
sponds to that of the dorsal and anal fins. Pectoral 
fin rays are visible on a 7.5 mm larva. The adult 
complement of rays (13-15) is fully formed by 
~9-9.5 mm. Pelvic fin buds are first visible in 
larvae between 6.5 and 7 mm long. The adult 
complement (1,3) is present between 9.5 and 10 
mm. 

SpiNATiON.— Preopercular spines first appear 
as seven to nine small bumps along the posterior 



margin of the preopercle in larvae 5.5-6 mm. 
Larvae undergoing notochord flexion have 9-14 
small, evenly spaced spines along the preoper- 
cular margin. During postflexion, spines increase 
in number from 1 6 to 22, and the dorsalmost spine 
becomes separated from the rest of the preoper- 
cular spines by a short gap. Simultaneously, this 
dorsalmost spine becomes longer and stouter than 
the other preopercular spines. In the largest 
planktonic larvae (1 2.5 mm SL) this dorsalmost 
spine is about 2.5 times as long as the other 
spines. The lower preopercular spines decrease 
in size and number during transformation. The 
uppermost spine continues to become longer and 
stouter in benthic juveniles and is over four times 
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as long as the lower spines in a 14.5 mm speci- 
men. The other preopercular spines are reduced 
to small bumps or serrations along the lower 
preopercular margin. In a 17-mm juvenile all 
remnants of the lower spines have disappeared 
and only the large dorsal spine persists. 

Clusters of spines develop on the head in the 
parietal region of C globiceps larvae. One tiny 
spine is visible on each side of the head in larvae 
6-7 mm and two spines are present on each side 
of the head in larvae 7-8 mm. By -~9-10 mm, 
five to six spines are present on each side of the 
head, arranged in a parallel pair of rows with two 
to three spines in the anterior row and three spines 
in the posterior row. These spines persist in the 
largest planktonic specimens examined (12.9 
mm). In newly settled benthic juveniles, how- 
ever, these spines appear reduced and are present 
only as bony protuberances situated at the pos- 
terior margin of the parietals. Each protuberance 
has a hollow canal running through it which 
eventually forms the incipient cranial lateral line 
system in the parietal region of the head. 



Similar spine clusters also form in the supra- 
cleithral-posttemporal region. One or two small 
spines are first visible in larvae ~9 mm long. 
Five or six spines, arranged in two rows of three 
spines each, are present in both of the 12-mm 
specimens. These spines eventually become as- 
sociated with the lateral line system in benthic 
juveniles. 

Clinocottus analis 

(Figure 29; Table 6) 

Literature.— Eigenmann (1892) and Budd 
(1940) briefly described and illustrated 4-mm 
specimens of C. analis. 

Identification.— Juveniles and adults were 
identified by the following combination of char- 
acters: an advanced anus, cirri, head shape, and 
pigmentation. Pigmentation, preopercular spi- 
nation, and body shape linked postflexion larvae 
of C. analis with juveniles and adults. 

Distinguishing Features.— Late postflexion 
and transforming specimens of C. analis were 
identified in collections from southern Califor- 
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Figure 29. Young of Clinocottus analis: 10.5 mm SL. 



nia. Apart from the two descriptions of newly 
hatched larvae, intermediate larval stages of C 
analis are unknown. A brief diagnosis of post- 
flexion larval C. analis is presented in the hope 
that this information may facilitate the identi- 
fication of a complete developmental series of C. 
analis. 

Eleven postflexion larval C. analis (9.9-1 1.4 
mm SL) were examined for developmental mor- 
phology, pigmentation, and spination. Clinocot- 
tus analis postflexion larvae may be distin- 
guished from all other larvae belonging to the 
Artedius, Clinocottus, Oligocottus groups by the 
intense band of melanistic pigmentation on the 
lateral body surface between the bases of the sec- 
ond dorsal and anal fins. Intense melanophores 
are also present on the dorsolateral surface of the 
head, the snout, the tips of the lips, and on the 
operculum. A patch of melanophores is present 
on the pectoral fin base and in a band on the 
dorsum beneath the spinous dorsal fin. Sixteen 
to 22 small, round melanophores are situated on 
the ventral midline posterior to the anus. 

Postflexion larval C. analis have blunt, round- 
ed snouts and relatively large heads. Snout length 
and head length are 28% HL and 30% SL, re- 
spectively, longer than in other Clinocottus lar- 
vae. In addition, C. analis larvae have moder- 
ately long, bulging guts. Snout to anus length 
averages 49% SL in postflexion larvae. Body 
depth at the pectoral fin base is 28% SL, while 
body depth at the anus is 26% SL. 

Six to 1 1 spines are present on the posterior 
margin of the preopercle. The dorsalmost spine 
is longer and stouter than the other spines. In the 
smallest specimens (9.9-1 1 .0 mm) the spines are 
situated in two groups of three to five spines. The 
ventralmost spines begin to regress in larvae > 1 1 



mm long; these spines decrease in size and num- 
ber and gradually become covered by skin. Two 
small spines are also present in the parietal region 
of the head in the 9.9 mm specimen. These spines 
decrease in size and remain only as bony bumps 
by ~ 1 1 mm. 

Artedius creaseri 

(Figures 30, 31; Table 7) 

Literature.— Larval Artedius creaseri have 
not been previously described. 

Identification.— Juveniles and adults were 
identified by the following combination of char- 
acters: low dorsal fin ray (12-14) and anal fin ray 
(9-10) counts, low vertebral counts (30-3 1 ), scales 
extending onto head under the orbit and on the 
snout, and the presence of a preorbital cirrus. 
The developmental series was linked together 
primarily by preopercular and parietal spination, 
pigmentation, body shape, and meristics. Post- 
flexion and transforming larvae were linked to 
juveniles by the cirri pattern, pigmentation, body 
shape, and meristics. 

Distinguishing Features.— Preflexion lar- 
vae of A. creaseri are characterized by a pointed 
snout, large head, and relatively deep body. Dis- 
tinguishing pigmentation includes intense, large, 
round melanophores covering the dorsolateral 
surface of the gut, 1-3 large melanophores at the 
anteroventral margin of the gut, and a series of 
7-1 1 large, evenly spaced melanophores along 
the ventral midline posterior to the anus. A large, 
distinctive, blotch-like melanophore is located 
on the ventral finfold near the tail tip, and another 
smaller melanophore occurs just beneath the tail 
tip. 

Larvae of A. creaseri >7 mm are further dis- 
tinguished by the presence of four large, evenly 
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Figure 30. Larvae of Artedius creaseri: A) 5.0 mm NL, B) 6.6 mm NL, C) 7.9 mm SL. 



spaced preopercular spines and a prominent pa- 
rietal and nuchal spine. Late postflexion larvae 
may be recognized by their pointed snout and 
long jaw, large head, and the characteristic ven- 
tral midline pigmentation. In addition, meristics, 
especially the low dorsal fin, anal fin, and ver- 
tebral counts are diagnostic of this species. Small 
juveniles possess a long, slender nasal cirrus, a 
broad, ribbonlike postorbital cirrus with a fringed 
tip, and two pairs of frontoparietal cirri. 

Pigmentation.— Small preflexion larvae of A. 
creaseri are relatively lightly pigmented. They 
possess no melanistic pigmentation on either the 
head or the nape. Pigmentation over the dor- 
solateral surface of the gut is heavy and intense. 



Melanophores are large, round, and closely 
packed together. One or 2 melanophores are 
present on the ventral surface of the gut lying 
just posterior to the clei thrum. Posterior to the 
anus, the sole pigmentation consists of a series 
of 7-1 1 large, rounded melanophores evenly 
spaced along the ventral midline, positioned ap- 
proximately 1 to every three myomeres. This 
series originates under the third or fourth post- 
anal myomere and extends posteriorly toward 
the tail tip. The posteriormost 1 or 2 melano- 
phores in this series lie on the ventral finfold and 
are notable: large and blotchlike. 

Pigmentation increases markedly during larval 
development. Two melanophores form over the 
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Figure 31. Larvae of Ariedius creaseri: A) 9.1 mm SL, B) 13.0 mm SL. 



midbrain in larvae >5.7 mm. During flexion, 
melanophores increase in number and extend 
anteriorly onto the forebrain. By ~8.0 mm, the 
dorsal surface of the head is entirely pigmented. 
Pigmentation extends dorsally along the anterior 
wall of the gut so that 3 or 4 large melanophores 
lie just posterior to the cleithrum. Several me- 
lanophores form at the posterior margin of the 
gut in larvae >6 mm, frequently forming a ring 
around the anus. The number of postanal ventral 
midline melanophores ranges from 6 to 1 2, and 
the 4th or 5th melanophore in the series increases 
markedly in size and extends below the body wall 
onto the ventral finfold. The posteriormost 2 me- 
lanophores in the series move up onto the base 
of the caudal finfold. One is positioned just pos- 
terior to the lower hypural plate and the other 
lies just below the tip of the notochord at the 
dorsal base of the upper hypural plate. 

Transforming larvae (>10 mm) have mela- 
nophores extending ventrally along the preoper- 
cle and opercle and two to four melanophores 



on the lower jaw. Pigment is also added on the 
pectoral fin. 

Morphology.— The smallest larval A. crea- 
seri examined is 3.5 mm NL and recently hatched. 
Flexion of the notochord occurs between 5.7 and 
7.9 mm NL. The largest planktonic specimen is 
1 3 mm and beginning to develop juvenile pig- 
mentation. The smallest benthic juvenile is 13.5 
mm and still undergoing transformation. Thirty- 
two specimens ranging from 3.5 to 1 3.6 mm were 
measured for developmental morphology. 

Artedius creaseri larvae are relatively deep- 
bodied with distinctively large heads and pointed 
snouts. Body depth at the pectoral fin base av- 
erages 26% in preflexion larvae and increases to 
29% SL in postflexion larvae. Relative head length 
averages about 25% in preflexion and flexion lar- 
vae and increases to 33% SL in postflexion lar- 
vae. Snout length remains 30% HL during larval 
development. 

Fin Development.— Initiation of a thickening 
in the hypural region of the developing caudal 
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Table 7. Body Proportions of Larvae and Juveniles of Artedius creaseri and A. meanyi. Values are percent standard 
length (SL) or head length (HL) including mean, standard deviation, and range in parentheses. 



Item 


Artedius creaseri 


Artedius meanyi 


Head length/SL: 


Preflexion 


24.4 ± 1.25(22.9-26.5) 


18.6 ± 1.77(17.9-21.3) 


Flexion 


26.0 ± 2.46 (22.8-28.8) 


22.7 ± 3.53(19.4-38.0) 


Postfiexion 


32.6 ± 3.80 (26.5-38.5) 


32.1 ± 4.68(25.4-38.0) 


Juvenile 


40.3 ± 2.97(38.2-42.4) 


- 


Snout length/HL; 


Preflexion 


29.7 ± 2.74 (25.0-33.0) 


27.5 ± 7.50(15.1-31.0) 


Flexion 


31.9 + 3.58(26.7-36.9) 


29.5 ± 5.01 (22.3-35.4) 


Postfiexion 


30.4 ± 2.95(25.1-35.5) 


29.4 ± 4.34(23.1-37.3) 


Juvenile 


23.2 + 1.20(22.4-24.1) 


- 


Eye diameter/HL; 


Preflexion 


42.0 ± 4.42 (34.7-47.3) 


44.0 ± 3.39 (35.0-47.7) 


Flexion 


37.4 ± 3.11 (32.5-43.1) 


36.6 ± 4.93 (30.4-43.1) 


Postfiexion 


33.2 ± 4.01 (27.5-38.6) 


29.0 ± 3.31 (23.2-35.3) 


Juvenile 


30.4 ± 1.20(29.6-31.3) 


- 


Snout to anus length/SL: 


Preflexion 


44.6 ± 3.01 (41.5-50.0) 


33.0 ± 2.86 (27.2-35.4) 


Flexion 


43.5 ± 3.83 (39.7-50.0) 


39.6 ± 2.97 (36.1-44.3) 


Postfiexion 


51.5 ± 3.66 (44.6-55.8) 


48.3 ± 4.43 (38.0-55.2) 


Juvenile 


54.4 ± 1,77 (53.2-55.7) 


- 


Snout to pelvic fin origin/SL: 


Preflexion 


- 


- 


Flexion 


- 


23.0* 


Postflexion 


29.5 ± 2.17 (27.0-33.1) 


29.1 ± 3.16(21.9-33.6) 


Juvenile 


32.0 ± 2.12 (30.5-33.5) 


- 


Pelvic fin origin to anus/SL: 


Preflexion 


- 


- 


Rexion 


- 


20.1* 


Postfiexion 


24.6 ± 4.96 (17.5-33.9) 


19.4 ± 1.60(15.7-22.1) 


Juvenile 


22.4 ± 0.35 (22.2-22.7) 


- 


Body depth at pectoral fin base/SL: 


Preflexion 


26.0 ± 2.54 (23.4-29.7) 


18.0 ± 1.64(16.2-20.0) 


Rexion 


26.0 ± 1.78 (22.7-28.1) 


19.9 ± 1.25 (17.7-22.2) 


Postfiexion 


28.8 + 2.67 (25.3-33.8) 


24.6 ± 3.65 (17.2-30.1) 


Juvenile 


24.8 ± 1 .98 (23.4-26.2) 


- 


Body depth at anus/SL: 


Preflexion 


21.8 ± 2.35 (19.4-26.0) 


15.2 ± 3.11 (11.9-19.1) 


Rexion 


24.0 ± 3.08 (19.3-28.1) 


18.9 ± 1.55(15.8-21.3) 


Postflexion 


28.2 ± 3.07 (25.4-36.2) 


24.6 ± 2.73 (19.3-28.4) 


Juvenile 


21.2 ± 2.19(19.6-22.7) 


- 


Pectoral fin length/SL: 


Preflexion 


- 


8.4 ± 1.35(6.4-9.1) 


Rexion 


12.2 + 1.97(9.5-15.1) 


9.2 ± 1.77(6.5-12.1) 


Postflexion 


23.7 ± 6.11 (14.5-35.2) 


19.0 ± 6.21 (10.1-28.3) 


Juvenile 


30.1 ± 1.34(29.1-31.0) 


- 



= Not present at this stage. 

* = Only one specimen available at this stage. 



fin is first evident at 5.7 mm, coincident with the 
onset of notochord flexion. Caudal rays are pres- 
ent at 6.4 mm, but the adult complement of 6 + 



6 principal caudal rays is not present until larvae 
reach ~8.0 mm. 

Bases of the second dorsal (12-14) and anal 
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(9-11) fins are countable in larvae ~7-8 mm 
long, and fin rays are formed between 9 and 10 
mm. The adult complement of dorsal fin spines 
(IX-X) is first countable at 9.7 mm. Pectoral fin 
rays begin forming at ~7-8 mm, and the adult 
complement is present at 8.6 mm. Pelvic buds 
begin to form at >8 mm; however, the adult 
complement of rays is not present until larvae 
are >11 mm. 

Spination.— creaseri larvae develop 
prominent head spines. In contrast to Artedius, 
Clinocottus, and Oligocottus larvae which have 
multiple preopercular spines, A. creaseri larvae 
develop four equal-sized preopercular spines. 
Two spines develop first on the posterior margin 
of the preopercle at >5.7 mm. At a state of 
growth between ~6.4 and 7 mm, two additional 
spines develop, one dorsal and one ventral to the 
original two spines. The middle two spines re- 
main slightly longer than the outer two through- 
out larval development. These spines persist 
through transformation and are present in ju- 
veniles. In larvae >10 mm, small basal spines 
or projections form on the base of each of the 
four main preopercular spines. With develop- 
ment, four bony ridges form on the inner shelf 
of the preopercle parallel to each basal spine. 
These ridges grow toward the basal spines and 
gradually fuse with them forming bony arches 
over the incipient lateral line canal of the pre- 
opercle. Prominent spines also form in the pa- 
rietal region of the head. A single parietal spine 
is first visible at 5.7 mm. By >9 mm, a second 
smaller parietal spine forms just posterior to the 
first. These spines are quite large and distinctive, 
and they are present in the largest planktonic 
larvae (>13 mm long). 

When larvae reach ~8 mm, a spine forms in 
the supracleithral-posttemporal region. The su- 
pracleithral spine points dorsolaterally. A second 
supracleithral spine forms just ventral to the first 
and points dorsally. Larvae >9.5 mm form one 
posttemporal spine. These spines persist in the 
largest planktonic larvae (13.6 mm) but regress 
in young juveniles becoming incorporated into 
the developing lateral line canal system. 

Artedius meanyi 

(Figures 32, 33; Table 7) 

Literature.— Blackburn (1973) described a 
4.3-mm larva resembling A. meanyi, which he 
called Cottid 3. Richardson (1977) and Richard- 
son and Pearcy (1977) listed three larvae as Ice- 



linus sp. 1. Richardson and Washington (1980) 
illustrated and described specimens 3.3, 8.6, 10.9, 
12.5, 13.5, 15.2, 16.5, and 16.6 mm longas/ce- 
linus spp. 

Identification.— Larval A. meanyi were mis- 
identified as Icelinus spp. by Richardson and 
Washington (1980) on the basis of meristics and 
the pelvic fin ray count of 1,2, which is charac- 
teristic of Icelinus. Meristics also match those of 
A. meanyi, which possess 1,3 (rarely 1,2) pelvic 
fin rays (Rosenblatt and Wilkie 1963; Lea 1974). 
Recently, Howe and Richardson (1978) reex- 
amined Lea’s specimens of A. meanyi and re- 
ported that “. . . only one small specimen ap- 
peared to have two rays— all others had three 
rays.” Lea’s specimens were reexamined in this 
study. Cleared and stained specimens clearly have 
1,2 pelvic fin rays. The outermost ray is greatly 
thickened and branched at the tip in all speci- 
mens examined. All of the misidentified "Iceli- 
nus” larvae possess this distinctive, thickened 
outer ray. 

In addition, during the present study, large 
transforming specimens of A. meanyi were ob- 
tained that possess scales on the dorsal surface 
of the head, the opercle, and in four or five rows 
on either side of the dorsal fins. Specimens also 
possessed preorbital cirri and distinctive post- 
ocular cirri with three tentacles arising from a 
single base. The combination of these morpho- 
logical and meristic characters conclusively iden- 
tifies these transforming larvae and juveniles as 
A. meanyi. The developmental series was linked 
together primarily on the basis of pigmentation 
and body shape. 

Distinguishing Features.— Small preflexion 
larval A. meanyi are distinguished by their short, 
compact guts (snout to anus length averages 33% 
SL) and pointed snouts. Characteristic pigmen- 
tation includes a low number of ventral midline 
melanophores posterior to the anus (<13), sev- 
eral large melanophores situated anteriorly on 
the visceral mass at the base of the cleithrum, 
and two distinctive blotches of pigment on both 
the dorsal and anal finfolds. 

Notochord flexion begins at a relatively large 
size, ~6.2 mm in A. meanyi larvae, and is com- 
plete by ~9.4 mm. Four large, evenly spaced 
spines form along the margin of the preopercle 
in postflexion larvae >9 mm. Two parietal spines 
develop at the posterior margin of each parietal 
in larvae > 1 1 mm. 

Postflexion and juvenile, 4. meanyi {1 3-\S mm 
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Figure 32. Larvae of Artedius meanyi: A) 3.3 mm NL, B) 8.6 mm NL, C) 10.9 mm NL (from Richardson and Washington 
1980). 



long) are distinguished by a low number of blotchy 
ventral midline melanophores posterior to the 
anus, a relatively pointed snout and large head 
(33% SL), a pelvic fin ray count of 1,2 with the 
outermost ray thickened as if two rays are fused 
together, and other meristics. In addition, ju- 
venile A. meanyi possess a single, slender preor- 
bital cirrus, an eyeball cirrus, and a distinctive 
postorbital cirrus having three tentacles that arise 
from a single base. The largest specimens (16- 
1 8 mm) possess rows of prickle-like scales on the 
parietal, cheek, and opercular regions of the head 
and on the dorsal surface of the body and caudal 
peduncle. 



Pigmentation.— Small A. meanyi larvae are 
relatively lightly pigmented. Melanistic pigmen- 
tation is absent on the head of preflexion larvae. 
Two to 5 round, external melanophores are clus- 
tered on the nape. The dorsolateral surface of the 
gut is lightly pigmented. Two or 3 large dendritic 
melanophores are embedded in the anterior 
musculature of the body cavity just posterior to 
the cleithrum. Posterior to the anus, a series of 
7-13 large, blotch-like melanophores is posi- 
tioned along the ventral midline originating un- 
der the second to fourth postanal myomere and 
extending toward the tail tip. These melano- 
phores vary in size with the 3rd or 4th and the 
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1980). 



posterionnost melanophores of the series being 
markedly larger and frequently extending onto 
the ventral finfold. Two large distinct pigment 
blotches are present on both the dorsal and ven- 
tral finfolds in small larvae. One specimen out 
of 45 examined possessed three pigment spots 
on both the dorsal and anal finfolds. 

Melanistic pigmentation increases during lar- 
val development. Several melanophores are 
added over the brain in larvae between 7.4 and 
8 mm. Melanophores in the nape region become 
embedded in larvae > 6 mm as body musculature 
develops. Pigmentation increases slightly over 



the lateral surfaces of the gut. With the onset of 
notochord flexion and development of the caudal 
fin, the posteriormost melanophore of the ven- 
tral midline series is characteristically positioned 
at the ventral margin of the forming caudal fin. 
A second, large melanophore is frequently added 
at the dorsal margin of the caudal fin base dorsal 
to the notochord tip. The blotches of pigment on 
the dorsal and ventral finfolds disappear in lar- 
vae >9 mm as fin rays begin to form. 

During transformation, between 13 and 19 
mm, head pigmentation increases markedly. Me- 
lanophores extend anteriorly over the interor- 
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bital region and onto the snout. Several mela- 
nophores are added just ventral to the orbit, 
between the eye and preopercle, and along the 
dorsal margin to the opercle. With development, 
melanophores are also added along the pectoral 
fin base, in a band across the dorsum, and on 
the dorsal fin around the first four dorsal spines. 
Melanophores are also added to the upper and 
lower lips, across the cheek, along the ventral 
margin of the opercle, and on the dorsal surface 
of the head. 

Morphology.— The smallest larval /I. niean- 
yi collected from plankton samples are ~ 3 mm 
NL long and appear recently hatched. Larvae 
undergo notochord flexion between 6.2 and 9.4 
mm NL. Specimens as large as 18-19 mm were 
collected in plankton and neuston tows. Plank- 
tonic larvae > 1 5 mm are beginning to undergo 
transformation indicated by the development of 
juvenile pigmentation and the formation of scales 
on the head and dorsum. The smallest benthic 
juveniles examined were 15-16 mm long and 
were fully transformed. Thirty specimens, rang- 
ing in size from 3.3 to 17.9 mm, were examined 
for morphometries. 

Small larval A. nteanyi are relatively slender 
with a characteristic body shape. Body depth is 
constricted just posterior to the anus; the body 
bulges slightly in the midtail region and narrows 
again near the tail tip or caudal peduncle. This 
distinctive body shape remains apparent 
throughout larval development. The gut of A. 
meanyi is short and tightly coiled. Snout to anus 
length averages 33% SL in preflexion larvae in- 
creasing markedly to 48% in postflexion larvae. 
Prior to flexion of the notochord, body depth 
averages 1 8% at the pectoral fin base and 1 5% 
SL at the anus and increases to 25% SL at both 
the pectoral fin base and the anus in postflexion 
larvae and juveniles. 

Artedius meanyi larvae have small heads with 
a distinctively pointed snout. Head length av- 
erages 1 9% in preflexion larvae, then increases 
dramatically to 33% SL in late postflexion larvae 
and juveniles. Snout length remains relatively 
constant throughout larval development, ranging 
from 28 to 30% HL. 

Fin Development.— The fins develop rela- 
tively late in A. meanyi. Initiation of notochord 
flexion begins at ~6.2 mm NL. Although caudal 
rays are first visible in larvae >7 mm long, prin- 
cipal caudal ray number (6 -i- 6) is not complete 
until after notochord flexion at ~ 1 1 mm. Dorsal 



and anal soft rays begin to form in larvae 9.5- 
10 mm long. The full complement of fin rays is 
visible in larvae ~ 1 2 mm. Dorsal spines (IX-X) 
begin to form at ~ 1 1 mm and are all present by 
12-13 mm. Pelvic fin buds form in larvae >9.5 
mm; however, the adult complement of pelvic 
fin rays (1,2) is not complete until larvae reach 
-12-13 mm. 

SpiNATioN.— Preopercular spines form rela- 
tively late in the development of A. meanyi lar- 
vae. Two tiny spines are first visible along the 
central portion of the preopercle in larvae >6.2 
mm with a third spine forming dorsal to these 
spines between 8 and 8.5 mm. By 9.4 mm, a 
fourth spine is added at the ventral margin of the 
preopercle. These four spines remain prominent 
and approximately equal-sized throughout larval 
development. In larvae >13 mm, small basal 
spines or projections form on the base of each 
of the four main preopercular spines. With de- 
velopment, four bony ridges form on the inner 
preopercular shelf parallel to each basal spine. 
These ridges grow toward the basal spines and 
gradually fuse with them forming bony arches 
over the incipient lateral line canal of the pre- 
opercle. During transformation, between 1 5 and 
1 7 mm, the dorsalmost preopercular spine be- 
comes longer and stouter than the other spines; 
however, all four preopercular spines remain 
clearly visible on the largest pelagic juveniles ex- 
amined (-19 mm long). 

Spines also develop in the parietal and supra- 
cleithral-posttemporal regions of the head. A sin- 
gle tiny spine first forms at the posterior margin 
of ihe parietal in larvae >7 mm long. This spine 
gradually becomes longer, and in larvae between 
1 2 and 1 3 mm a second, smaller nuchal spine 
forms immediately posterior to it. 

A small spine forms on the dorsal margin of 
the posttemporal bone between 9 and 10 mm. 
A second, similarly sized spine is added ventrally 
on the posttemporal in larvae - 1 1 mm. At about 
the same time, a third spine forms posteroven- 
trally to the two posttemporal spines on the dor- 
sal portion of the supracleithrum. These three 
spines increase in size during transformation and 
eventually become associated with the junction 
of the cephalic and lateral line systems. 

Addendum 

Since this study was accepted for publication, 
a subsequent review of cottid relationships has 
been published (Washington et al. 1984). Wash- 
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ington et al. (1984) presented a hypothesis of 
phylogenetic relationships of cottoids and briefly 
summarized characters that supported eight pro- 
posed monophyletic groups of cottid genera. 
Much of this work was based on an unpublished 
manuscript (Washington and Richardson n.d.) 
in which a hypothesis of cottid relationships based 
on osteological characters of early life history 
stages was presented. Results of Washington et 
al. (1984) support the proposed monophyly of 
Artedius Group A, CUnocottus, and Oligocottus 
and the exclusion of Artedius creaseri and A. 
meanyi from this group. They listed five syn- 
apomorphic characters in addition to the multi- 
ple preopercular spines which support the mono- 
phyly of Artedius Group A, CUnocottus, and 
Oligocottus. These characters include anterior 
neural arches enlarged and elevated, arms of the 
anterior neural arches open in a broad u-shape un- 
til late in the juvenile period, a greatly expanded 
cleithrum base, posterior extensions or bony 
plates at the cleithrum base which enclose the 
pelvic bones, and loss of ventral postcleithrum 
and reduction or loss of dorsal postcleithrum. 

Washington et al. (1984) also placed Artedius 
creaseri and A. meanyi in a proposed monophy- 
letic group of genera including Icelinus and 
Myoxocephalus as well as 1 0 other cottid genera. 
This placement gives additional evidence for the 
exclusion of Artedius creaseri and A. meanyi from 
the genus Artedius (sensu Bolin 1944) and sup- 
ports their close relationship to Icelinus and 
Myoxocephalus. Further results of Washington 
et al. (1984) provide additional characters that 
strengthen the hypothesis of monophyly of Ar- 
tedius Group A, CUnocottus, and Oligocottus. 
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